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High-Speed Cinematography in Product Development 
By W. G. Hyzer. (From Machine Design, U.S.A., Vol. 27, No. 2, February 1955, pp. 150-158, 12 illustrations.) 
High-speed cinematography has for some considerable time been successfully used in specific engineering 


problems. 
points in engineering programmes 1s essential. 


However, to obtain the most efficient service from this valuable tool, its planned use at selected 
This article develops this theme, explains the techniques 


involved, and offers spectfic application ideas. 


The technique of high-speed cinematography, 
although widely used with success in practically all 
fields of engineering, is still in its infancy. Like any 
new approach, it is being used haphazardly and too 
often as a last resort when other methods fail. For 
maximum effectiveness in organised product-develop- 
ment programmes, it should be applied as an integral 
part of such programmes. Its value as an exploratory 
and investigative technique in engineering work should 
be recognised by design or project engineers, so that 
it can be used effectively at the exact points of optimum 
advantage. 

Only commercially available high-speed motion 
picture cameras are considered in this article. This 
equipment has proved its versatility for the vast majority 
of industrial applications. ‘These cameras are portable, 
utilise standard motion-picture film, and are nearly 
foolproof in operation. 

In high-speed photographic terminology, the ratio 
of camera frequency to projector frequency is called 
“time magnification.” Obviously, time magnification 
can be increased for a given film record by slowing 
down the projector. The limiting projector frequency 
is about 15 frames per second, at which point the eye 
begins to detect a flicker in the projected image. The 
maximum practical time magnification obtainable 
under any given set of conditions is therefore the 
camera frequency in frames per second divided by 15. 

The frequency or repetition rate of conventional inter- 
mittent motion-picture cameras has a practical upper 
limit of 250 frames per second. With this type of 
camera the film must be stationary when the shutter is 
open, then rapidly advanced to bring the next frame 
into position for the succeeding exposure cycle. Although 
applicable to certain moderately rapid mechanical 
motions, this type of camera is not suitable for applica- 
tions requiring higher speeds. 

Prism-compensating high-speed motion-picture 
cameras cover a range of speeds from 150 to 16,000 
frames per second. This type of camera uses a revolv- 
ing glass prism and shutter assembly to shift the image 
intermittently, but in synchronisation with the film as it 
runs continuously past the lens. 

Two prism-compensating high-speed motion-pic- 
ture cameras are at present being manufactured in the 
U.S.A.—the Eastman Kodak “ High-Speed” camera 
and the Wollensak “‘ Fastax”’ camera. The Eastman 
camera is a self-contained unit utilising standard 100-ft 
rolls of 16-mm film, with a speed range of 1000 to 3200 
frames per second. The speed control, consisting of 
a built-in rheostat, is interlocked with the drive motor, 
to prevent starting under conditions that would result 
in film breakage. An argon lamp within the camera 
exposes timing marks on the film for accurately deter- 
Mining the camera frequency. Two cam-actuated 
Switches are mechanically linked to the film drive 
mechanism. One switch automatically stops the 
camera at the end of its run ; the other can be externally 
connected to synchronise actuation of the camera with 
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the event to be recorded. The camera is capable of 
speeds down to 300 frames per second if input voltage 
is reduced through the use of a step-down auto-trans- 
former. 

The Fastax camera is supplied in a variety of models. 
The basic camera holds 100-ft rolls of 16-mm film and 


_is capable of a speed range from 150 to 8000 frames per 


second. The camera is equipped with a built-in 
timing lamp operable from either an external oscillator 
or an ordinary 60-cycle line. A separate control box 
contains all the necessary controls for regulating camera 
speed and synchronising starting of the camera with 
the event to be photographed. An 8-mm version of 
this camera is also available, with speeds up to 16,000 
frames per second, as well as models which will handle 
35-mm film and 250-ft rolls of 16-mm film. 

Usually, 16-mm high-speed cameras are preferred 
by industrial users. This film size is accepted as the 
standard for most industrial motion-picture work. 
High-speed films meet the same standards as conven- 
tional motion-picture films and can be shown on stan- 
dard projection equipment. 

The majority of industrial applications do not 
require camera speeds in excess of 3000 frames per 
second. At increased camera speeds the task of lighting 
the subject adequately becomes progressively greater. 
Heat generated by the intense photographic lights is a 
constant problem. Often, heat is the limiting factor 
in establishing a maximum camera speed for subjects 
made of heai-sensitive materials. 

A high-speed camera operating at 3000 frames per 
second would slow down a jet aircraft flying at 600 mph 
to an apparent speed of only 3 mph. To take another 
example, consider a shaft rotating at 3600 rpm. Photo- 
graphed at 3000 frames per second and projected onto 
a screen at a projector frequency of 15 frames per 
second, the rotating shaft appears to make one revolu- 
tion in 3} seconds. The film record consists of a series 
of individual pictures showing the progressive move- 
ment of the shaft in time increments of 4-millisecond 
and angular increments of 7:2 deg. 

Effective shutter speed for an individual frame is 
inversely proportional to picture frequency. The pro- 
portionality factor is 0-2 for both the Kodak and Fastax 
cameras. This factor multiplied by the reciprocal of 
picture frequency in frames per second gives the effec- 
tive shutter speed in seconds. In the example cited 
above the shutter speed would be 1/15,000 sec and the 
shaft movement during the time the shutter is open 
would be 1-4 deg. 


PRACTICAL RUNNING SPEED 

In practice, a 0-002-in. blurring of the image is 
tolerable. This is roughly 0-5% of the frame width. 
Applied to the subject field, the movement of the object 
being photographed during the interval that the shutter 
is open should be no more than 0-5% of the field width 
covered by the lens. This fact is the basis for the 
following equation : 
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in which R = — rate (or picture frequency) 
[frames per second]; W field width [in.]}; S = 
subject prong 4 [fps]; and bas = angle between the line of 
motion and the film plane [deg.]. Eq. (1) is used to 
determine the minimum camera repetition rate for a 
given subject velocity and field size. 

With regard to the question as to whether the 
amplitude of the motion it is desired to study is suffi- 
ciently large to be detectable on the film, the answer is 
in the affirmative if the subject movement is greater 
than 1% of the field width covered by the lens. This 
relation is expressed by 

A = W/(100 cos 9), ... (2) 


where A = minimum measurable sunplinnite of motion 
[in.]. 

To illustrate the use of these equations, a hypotheti- 
cal problem is formulated. In this problem it is 
desired to detect and measure the vibration frequency 
at the tip of an experimental helicopter blade. Assume 
the linear velocity S of the blade tip is 300 fps. The 
camera is set up with its optical axis in the plane of the 
blades (8 = O deg.) and intersecting the axis of rotation 
at an angle of 90 deg. (Fig. 1). The tip of each 
blade in succession moves through the camera field. 
The vibration being investigated occurs in a direction 
perpendicular to the camera axis, but parallel to the 
propeller shaft. Assume that maximum camera speed 
obtainable under the existing lighting conditions is 
3000 frames per second. 





Fig. 1. View of test set-up for cations vibration of the 


tip of a helicopter blade. 


By applying eq. (1), the field width W will be found 
to be 50 in. Substitution of this value in eq. (2) gives 
A = 0-5 in., which is the minimum amplitude of 
vibration that can be observed. The blade tip would 
pass through the camera field in W/12S = 0-0139 sec. 

The maximum time magnification afforded by a 
camera speed of 3000 frames per second is 200. The 
vibrating propeller tip would therefore be visible on the 
screen for (200 x 0-0139) = 2} sec approximately. If 
the period of vibration is greater than 0-0139 sec, less 
than one complete cycle of vibration will be captured 
by the camera as the blade tip passes through the field of 
view. ‘The frequency corresponding to this period is 
1/0-:0139 = 72 cps. About 3000/72 or 42 frames of film 
will be devoted to recording this one complete cycle. 
If the vibrating frequency of some part should be in 
excess of 1000 cps, only 2 or 3 frames would be devoted 
to each complete cycle, making a quantitative evaluation 
very difficult. Under these conditions the vibration 
frequency might be in phase with the picture frequency 
of the camera, and might not be detected at all. 


DURATION OF RUN 


One thing that must be kept in mind in determina- 
tion of picture repetition rate for a given application is 
the inverse relation between this factor and duration of 
run. 100-ft rolls of 16-mm film are made up of 4000 
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individual frames. The first 15 to 25 feet of film, or 
approximately 750 frames,* are consumed in the 
camera-starting transient at higher camera speeds 
(Fig. 2). A true plateau in the acceleration curve is not 
reached in the first 750 frames, but the picture frequency 
after 750 frames is sufficiently constant for most analy- 
tical purposes, leaving about 3250 frames to record the 
action. 
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Fig. 2. Acceleration characteristics of two high-speed 
cameras. 


The approximate duration of an event that can be 
recorded on usable film is obtained by dividing the 
mean picture frequency into these remaining 3250 
frames. Mean picture frequency refers to the picture 
frequency at the midpoint of the usable film strip, or at 
a point about 60 ft from the beginning of the film. 
Mean picture frequency (M.P.F.) is a more useful expres- 
sion of picture repetition rate for a given film record 
than the often-used maximum or terminal frequency. 
At speeds less than 3500 frames per sec the two values 
are practically identical. As an example of the above 
relation, the effective duration of run at a camera speed 
of 3000 frames per sec would be 3250/3000 or about 
1-1 seconds. 

When the event must be synchronised with the 
camera, an allowance must be made for the camera- 
starting transient. This duration can be roughly deter- 
mined by dividing the mean picture frequency (in 
frames per sec) into 2000. 

Certain critical applications may require a relatively 
constant picture frequency. The usable film record 
under these conditions is restricted to the plateau region 
of the film acceleration curve shown in Fig. 2. These 
applications are rare, because, with timing marks 
exposed on the edge of the film, a constant film speed 
is not a prerequisite for an accurate time evaluation. 
The time duration of the plateau region is inversely 
related to the picture frequency, making synchronisation 
very difficult at high taking speeds. 

The length of film consumed in reaching the begin- 
ning of the plateau is approximately 


L=001R+ 25 ... ai «3 


where L = length of film to reach plateau [ft] ~ R= 
picture repetition rate [frames per second]. This rela- 
tionship is only approximate, since each camera dis- 
plays its own individual acceleration characteristics. 
Variation in picture frequency might be as great as 
25% over the “‘ plateau ”’ region given by eq. (3). 

The plateau extends to the trailing end of the film 
or (100 — L) ft. Ata picture frequency of 3000 frames 
per second, 55 ft of film are consumed in accelerating 
the film to running speed. At a picture frequency of 
7500 frames per second the plateau is non-existent. 





*Actual wastage of stock, however, can of course be obviated by 
tacking on the requisite length of blank leader-film.—Ed. E. D. 
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PROJECTION AND AUXILIARY EQUIPMENT 

Interpretation of the projected results is facilitated 
by using a projector which is reversible and which can 
be stopped for single-frame projection. With equipment 
of this type, localised portions of the film can be run 
back and forth or stopped for more detailed study. It is 
also possible to splice several feet of film into a con- 
tinuous loop and achieve the same result without 
manually re-cycling the action. 

Quantitative interpretation is made easier by super- 
imposing horizontal and vertical lines on the projected 
image. This can be achieved by painting a grid onto a 
large sheet of white paper, which serves as the screen. A 
more convenient method of analysis is made possible 
by projecting the image onto a translucent screen which 
can be observed from the opposite side (Fig. 3). The 
projected image in this case is not obstructed by shadows 
cast by those observing the film. 


ra | TRANSLUCENT 
ie | SCREEN 


a 





Fig. 3. Projection technique, using a mirror and a trans- 
lucent screen. 


A special instrument has been developed to permit 
accurate evaluation of high-speed motion pictures. This 
instrument, in which the film can be either manually 
or automatically transported, utilises movable cross- 
hairs and a rotatable projection head for obtaining 
accurate linear and angular measurements. A mechani- 
cal counter records the frame number under observa- 
tion. Timing marks on the edge of the film are visible 
to the observer, so that the precise relation between 
image displacement and time can be determined. 

For most applications a 60-cycle excitation source is 
sufficiently accurate for timing the event. Under this 
condition the timing marks will be produced at 1/120- 
sec intervals on the moving film. At 3000 frames per 
second, the spacing between successive marks is 25 
frames. If the exciting frequency is in the form of a sine 
wave, the individual marks will not be critically defined 
at the two ends. A square-topped wave of higher fre- 
quency is preferable for applications in which extreme 
precision is required. 


PLANNING PRODUCT-DEVELOPMENT USES 
Basic Research:— 

Substantial portions of the basic data upon which 
the designer relies in designing the product may be 
derived from high-speed photographic studies made 
during research phases of the project. Film records 
obtained by this technique may be further interpreted 
to gather specific design information not otherwise 
available. 

As a practical example, build-up of stresses in 
transparent plastic models undergoing dynamic loading 
have been studied by combining photo-elastic stress- 
analysis methods and high-speed photography. Prob- 
lems involving impact, vibration, and stress are a fre- 
quent target for the high-speed camera. 

Photographic investigation of rapid chemical re- 
actions, flames, and explosions has provided a potent 
source of information for many diversified industries. 
One example is the highly successful experimental 
studies on knock or auto-ignition in gasoline engines. 

Photography has been applied to the study of air 
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flow through blowers and electric motors, and to wind- 
tunnel studies on aerofoil sections. Similarly, high- 
speed photography has been used to investigate the 
damaging action of liquid cavitation in pumps and ship 
propellers and the boundary conditions existing in 
transition from laminar to turbulent flow. 

Idea Appraisal :— 

Assume that the proposed product is some type of 
mechanism with rapid-acting mechanical parts. The 
first task of the engineering group is to assess the 
generalised or “‘ first-idea ” specifications in terms of 
specific design feasibility. 

One of the basic steps in this programme might be 
to test competitive products and evaluate them in terms 
of the proposed design. The engineering team assigned 
to this job must correctly evaluate this data in terms 
understandable to a non-technical management. Here, 
high-speed films may reveal imperfections in com- 
petitive product performance and point the way towards 
improved design. By observing the action of competitive 
models in acute detail, the engineer can more accurately 
assess the functional characteristics of critical com- 
ponents. Moreover, the films are a permanent record of 
the mechanical action in its simplest form—under- 
standable in most cases even to a non-technical observer. 
These pictures, properly presented to management, can 
pave the way for a more complete understanding of the 
problem and leave less room for doubt in making the 
final managerial decision. 

Depending upon the extent and nature of the basic 
idea, it may be necessary to construct actual working 
models to test out basic theories. At this stage it is 
important to derive as much information as possible 
from an experiment. High-speed photography is 
invaluable in this phase of the investigation, because it 
not only slows down actions so that they can be analysed, 
but records them permanently for others to see and 
comment on. 

Design Studies :— 

After the full-scale design and development pro- 
gramme is initiated, mock-ups comprising various criti- 
cal components of the machine may be designed and 
tested. Here, drawing-board theories are inexpensively 
proved or disproved. 

Photographic motion analysis applied to the study of 
high-speed components in the mock-up stage can pro- 
vide the engineer with design data obtainable in no other 
way. In some cases these models become, in effect, 
specialised laboratory instruments more complex than 
the proposed product itself, with provisions for pre- 
cisely varying and controlling dimensions, position, 
stress, and actuating velocities of component parts, 
together with inherent means for measuring results. 

Carefully set up experiments of this type, in whicn 
various parts of the mock-up are altered in sequei_ce and 
photographed in action, result in quantitative records. 
Precise design criteria can be obtained in this manner, 
as well as information which is invaluable for the estab- 
lishment of preliminary specifications and tolerances. 

High-speed photography is particularly valuable 
when the motion is non-periodic or transient in nature. 
Under these conditions, stroboscopic-light techniques 
are difficult, if not impossible, to apply. Quantitative 
data obtained make it possible to calculate centrifugal 
and inertia forces, dynamic stresses, synchronisation 
between components, actuation times, and duration of 
certain operations. 

Thus, for example, a cigarette-lighter manufacturer, 
developing a new type of spring-actuated lighter 
mechanism, employed high-speed photography to advan- 
tage at this point in the design programme. A specific 
correlation between spark intensity and such contribut- 
ing factors as flint-wheel velocity, flint pressure, flint 
and wheel alignment, and wheel diameter were required 
as a prerequisite to finalising the design. A special 
machine was designed to simulate the action of the 
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proposed lighter mechanism. High-speed films made it 
possible to observe the spark-growth patterns in acute 
detail. Erratic movements of the wheel as teeth dug 
into the flint were also disclosed by the camera. The 
importance of a large wheel diameter, a controlled 
acceleration characteristic, and a loosely fitting wheel- 
arbor became evident as a direct result of these experi- 
ments. An interesting quantitative study of the films 
clearly indicated that the spark-formation process is 
explosive in nature. The individual burning flint par- 
ticles are not thrown off the wheel by centrifugal 
force, as might be expected, but have velocities consider- 
ably in excess of the peripheral velocity of the wheel. 

Determination of dynamic strains is possible using 
electrical strain gauges cemented to a component. A 
high-speed camera with a streak attachment makes it 
possible to record simultaneously on the same film the 
actual event and the oscillographic pattern transmitted 
by the strain gauge. Streak attachments are available 
for both Kodak and Fastax cameras. An entirely separate 
optical system is used to record the oscillographic trace. 
The continuously moving film provides the time base. 
With the Kodak camera the oscillographic record is 
projected through the back of the film, and is super- 
imposed on the image produced by the normal taking lens. 

Inthesame gei. ~ | field of instrumentation, the high- 
speed camera can be used quite successfully for record- 
ing the rapid movements of instrument needles and 
liquid levels in manometers. Thus, for instance, if a 
certain dynamic pressure effect has to be recorded, a 
simple manometer photographed in action may provide 
the answer. 

Prototype Testing :— 

Troubies usually arise in any first model of a 
new design. With the high-speed camera, functioning 
of critical parts can be observed when the machine is 
operating at its optimum speed. Thus, precise visual 
data are available upon which to base decisions. 

For high-speed motion-picture photography to be 
effective, the parts causing trouble must be visible to 
the camera. If trouble is anticipated within a certain 
component of the machine, provision should be made 
for visual access to this region, if possible. In most 
cases a clear plastic window serves the purpose. If later 
insertion of a window entails a major dismantling job, 
considerable time and expense can be saved by anticipat- 
ing the need for a transparent port and providing it in 
the prototype machine as a design feature. 

Potential design or constructional weaknesses can 
often be discovered in a prototype model by the explora- 
tory use of high-speed photography. ‘These imperfec- 
tions may lead to a premature break-down, or if the 
tolerances are not sufficiently close, a continuous mal- 
functioning of subsequent models. It may be advisable 
to survey all critical areas with the high-speed camera 
strictly as a precautionary measure. 

Thus, for example, a manufacturer of automatic 
production machinery had trouble with one of his proto- 
type-model machines and high-speed cinematography 
was employed to help locate it. Several films were taken 
of the general area in which the trouble existed. In 
analysing these films, not only was the immediate prob- 
lem solved, but two other defects were detected that 
could have resulted in malfunctioning at a later date. 
Pilot Runs and Final Development Stages :— 

Close co-operation between the designer and the 
process engineer is an important prerequisite for 
success during pilot runs. Manufacturing problems are 
certain to arise and may result in a request for changes 
in material or dimensional specifications. Certainly, 
before changes are authorised, every effort should be 
exercised to remedy the difficulty at the source. Here, 
again, high-speed photography deserves attention as a 
technique applicable to this task. 

High-speed photography can be depended upon to 
aid in the observation of almost any manufacturing 
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problem that is normally a blur to the eye, if the area to 
be studied is accessible to the camera. Mirrors may be 
necessary in order to gain optical contact with the region 
under investigation or to reflect light into dark areas, 
Some production processes, such as certain metal- 
spinning and extrusion operations, are self-luminous 
and do not require additional lighting. Arc-welding 
processes, for instance, have been a frequent subject for 
the high-speed motion-picture camera, particularly in 
full colour. 

Photographic techniques have been applied success- 
fully to most machining operations, including drilling, 
tapping, grinding, milling, and planing. Other manu- 
facturing processes might involve stamping, drawing, 
and extrusion operations, or mixing, spraying, and 
pouring actions. 

In setting up the high-speed camera study, all the 
necessary information for eventual analysis should be 
recorded—either on the film or on paper. It pays to 
make a careful preliminary analysis of the operation, to 
be certain that all critical areas are covered by the test, 
It may be advisable in some instances to scribe reference 
lines on deformable parts or to put index marks on 
movable components. Pieces which run continuously 
through a machine might be conspicuously numbered 
or marked so that they can be compared with the film 
record when the final analysis is made. It is difficult to 
anticipate just what the photographs will disclose, 
Having the actual pieces on hand for physical analysis 
and direct comparison with the film record often 
eliminates guessing. 

Field tests may uncover constructional or design 
weaknesses peculiar to only a small percentage of the 
new-product units. It may be advisable to substantiate 
these complaints by studying the action of defective 
units with high-speed photography. These films be- 
come a permanent record of the action prior to dis- 
assembly, useful as a guide to product improvement. 

Availability of production parts makes it possible 
to test several models of the product assembled from 
components covering the entire tolerance range. This 
verification by experime;tation is sound engineering 
practice in areas of critical dimensioning. High-speed 
photography can here be applied to reveal conflicting 
action and general smoothness of operation. 

High-speed cinematography has fertile ground in 
which to grow in this general field of organised product 
development. The scope of its application is limited 
only by the resourcefulness and vision of those who put 
it to work. 





Production of Tube Circuits by the 
Roll-Bond Process 


(Concluded from page 158) 


incorporated into the design and contains parts of the 
refrigerating system. 

The same results in bonding can be obtained with 
any metal capable of being roll-bonded, including copper, 
high-copper alloys, and stainless steel. 

The new development would appear to have wide- 
spread applications in many other industries. Thus, for 
instance, in the aircraft industry, where weight in relation 
to structural strength is a problem, passages in a sheet 
of roll-bonded aluminium might well be used to impart 
structural strength. 

Other possible applications include automobile 
radiators, which could be of reduced dimensions, 
inasmuch as the process eliminates the need for solder or 
other materials of poor conductivity. Similarly, accord- 
ing to the Massachusetts Institute of Technology, this 
process brings solar heating even closer to reality, by 
virtue of the fact that a roof constructed of roll-bonded 
sheets is probably the most efficient means yet found 
of trapping solar heat. 
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Investigation of Cavitation in High-Lift Pumps 
By A. Ferro. (From L’Ingegnere, Vol, 29, No. 1, January 1955, pp. 9-17, 9 illustrations.) 


THE phenomenon of cavitation is of particular interest 
in high-speed, high-lift pumps, in which the incidence 
of cavitation causes a very rapid decrease in the delivery 
head attainable, when a slight rise occurs in volumetric 
flow. Because of the small distance between blades at 
the impeller inlet, the outlet areas, when cavitation 
occurs, are rapidly filled with air separated from the 
liquid. In practice, this is of considerable importance, 
as it sets a limit to the pump capacity. Moreover, since 
in such pumps maximum efficiency is reached near this 
limit, the result is that, with small variations in the 
setting of the discharge valve, a sudden change may occur 
from normal delivery to zero. 
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Schematic drawing of type of pump impeller tested. 


It was therefore considered of interest to carry out a 
laboratory investigation of pumps of this type. Cavita- 
tion is related to the maximum value of the negative 
pressure at the impeller inlet (diameter dj¢ in Fig. 1). 
The static suction head H, is obtained from the following 
relation, which serves to establish the maximum 
geometric head, measured from the suction water level 
up to the pump axis, for adequate operating con- 
ditions :— 

H; = ¢ (Hp — A; — Hy — Ha) - @ 
where p = specific gravity, Hg = barometric head at 
suction water level (in metres of water), H; = vapour 
pressure at suction temperature, H, = “static” 
suction head (due to frictional losses up to the impeller 
inlet, changes in section, leakage, etc.), and Hg = 
“ dynamic ” suction head (related to the acceleration of 
the liquid in the passages and other factors). 

The terms Hg and H; are easily determined; Hy, 
can be estimated or determined by tests. Hg can be 
obtained experimentally or calculated with a good 
approximation for its overall value, although it is diffi- 
cult to assign individual values to each of its contributory 
factors. 

The tests were carried out with the installation shown 
in Fig. 2. The pump to be investigated was mounted 
on a platform, adjustable in height, so as to be able 
to vary within a wide range the difference in height 
between the free surface of the water and the pump. 

Measurements were taken of the negative pressure 
Hg immediately ahead of the pump inlet, the delivery 
pressure Hy at the outlet, and the volumetric flow of 
water. The power absorbed was measured with an 
+ a dynamometer directly coupled to the pump 
shaft. 

The tests were made at various speeds between 
1500 and 3050 rpm and with various static suction 
heads, i.e., from 1-35 to 7:31 m. Strictly speaking, the 
Static suction head is the difference in height between 
the free surface of the water and the highest point at the 
blade inlet, but for simplicity the upper reference point 
was taken at the pump axis. All tests were carried out 
with a suction strainer. 

The losses due to the passage of the liquid through 
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the foot valve were determined by measuring the 
pressure drop immediately above the flanged connection. 
These include losses due to change in section and to 
the strainer, as well as the pressure loss relative to the 
term co2/(2g), where cy is the water velocity in the 
suction pipe. This term is part of the dynamic suction 
head. 

The pump characteristics for a static suction head of 
3 m are plotted for various speeds in Fig. 3. The pump 
tested had a maximum efficiency of 65% at a speed of 
2950 rpm, with a head H of 87 m and a rate of flow of 
19-5 litres per sec. This corresponds to a specific speed 
related to output of n;Q = 2950 1/0-0195/873/4 = 14-5, 
which is a low figure in the range of values for pumps. 
From Fig. 1, it can be seen that the basic diameters of the 
pump have the high ratio of 259/73:5 = 3-54. 

The curves of the total head H plotted against 
capacity Q are fairly flat until cavitation occurs, and 
then fall off suddenly, parallel to the vertical axis. As 
the efficiency curves 7 reach their maximum values very 
close to the cavitation limit, small variations in Q 
(3 to 4%), when the speed is varied, may lead to cavi- 
tation. The H-curve for 1500 rpm (not shown in 
Fig. 3) has a decreasing trend, which is much less 
pronounced, but the corresponding 7-curve still falls off 
rapidly. 
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Fig. 2. Arrangement of test installation. 


The effect of varying static suction head is shown in 
Fig. 4, which indicates that, with Q kept constant, the 
total head H decreases when the static suction head Hs 
is increased, the change being of the order of 4 to 5%. 
The effect of Q-variations is much more significant. 
The curves also show the reduction in capacity due to 
increasing static suction head. This effect is most 
important, since a change in Hs from 1-35 m to 7:31 m 


143 








So 







° Ss 
oO So 


H [metres water gauge} 
@ 
Oo 


70 
60 
50 
n 
40 0-8 
30 06 
20 0-4 
10 02 
0 0 


5 10 1S 20 
Q [litres/sec] 


Fig. 3. Pump characteristics for various speeds, with a 
static suction head of 3 m. 


causes a reduction in capacity of up to 60%. Further 
appreciation of this effect, related to cavitation, can be 
obtained from the figures in the following table, ob- 
tained for a speed of 2550 rpm :— 





Hs [m] 1-35 3-00 4°35 5-86 7-31 
Qflit/sec] | 22:8 21-8 | 18:6 | 15-0 10°5 
n [%] | Ct | (675 | 66 | 62:5 | 55 


The corresponding values at 3050 rpm are somewhat 
lower, the decrease in efficiency being especially more 
marked, reaching 47% at 7:31 m. 


FORMULAE FOR ESTIMATION OF THE STATIC SUCTION 
HEAD H; 

At the design stage it is useful to be able to predict 
the pump characteristic, i.e., the curve relating H; and 
QO for a constant speed of rotation, and to determine the 
possible operating conditions at various static suction 
heads. Various methods have been proposed for this 
purpose in the literature. It was considered of interest 
to make a comparison of values calculated by these 
methods with the experimental results obtained, in 
order to have an idea of the probable accuracy of 
predicted figures for high-lift pumps. 

For this correlation, it was first necessary, however, 
to correct the results by taking account of the losses 
inherent in the test installation, due to the length of the 
suction pipe, elbows, straiger, etc. These losses were 
determined experimentally, using the relation 

Hy = Ha — Hs — (co?/2 g) tee (2) 
where Hg is the pressure indicated by the pressure gauge 
immediately ahead of the pump inlet. The friction 
losses in the body of the pump ahead of the impeller 
were small enough to be neglected. 

The determination of the static head characteristic, 
i.e., the curve of H; as a function of Q, can be made by 
the method proposed by Medici. Medici’s equation is as 


follows :-— 
Hs max = C1 — C2n Q — C3 Q2 (3) 


where n = speed of rotation, the C-values being con- 
stants depending on the type of pump considered and 
determined by the relations 


Ci = oe (He — Hy); C2 =¢ KH/75n? 4) ; 
and C3=p {x H, + [(c1a? — c12)/2g]} /Q2. 
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In these expressions, K is a function of the geometrical 
characteristics of the centrifugal pump (number of 
impellers, impeller dimensions, and number of blades), 
and of a hydrodynamic coefficient depending on 
the pressure distribution along the blades; the term 
c1A2 — c,2 takes account of the curvature of the blades 
in the section where the flow changes from an axial 
to a radial direction. It should be noted that eq. (3) 
is valid when there is no air in the inlet passage or pump 
body ; however, in the contrary case, a suitable correc- 
tion, which flattens the curve obtained by this equation, 
can be made. 

The C-values for the pump tested were calculated 
from the normal values for total head, capacity, and 
efficiency, using a constant value of 0-2 for the hydro- 
dynamic coefficient. The characteristic curve evaluated 
on the basis of these values is shown as curve (1) in 
Fig. 5. 
.~ contradistinction to the above, other methods for 
determining the static head characteristic completely 
eliminate the geometrical characteristics of the pump 
from the calculation, assuming that for the types of 
profiles generally used the curves of blade-pressure 
variation are practically unchanged, and base their 
considerations solely on the operating characteristics. 
These methods extend the similarity principles employed 
for pumps to the conditions determining the pheno- 
menon of cavitation, and are derived from the following 
assumption :—In the passages of geometrically similar 
pumps, both the dynamic suction head and the total 
head are proportional to the square of velocity. There- 
fore, they can also be related to each other by means of a 
proportionality constant, i.e., the cavitation constant 
proposed by Thoma, so that 


Ha/H = «6 ME : (4) 


This constant is used in applying the results of cavitation 
tests from one pump to another, or in assessing cavitation 


T 


| Ag=135m | 


n=2750 rpm 





5 10 1S 20 
Q [litres/sec] —- 


Effect on pump characteristics of variations in static 


Fig. 4. 
suction head Hs. 


THE ENGINEERS’ DIGEST 








re 














SEDER SATS SAAR SS 


+ 


exe! 





EFLT Tt 














n=2950 rpm 


3 @® epic! 
@® WISLICENUS 
@® PFLEIDERER 
@ PFLEIDERER 
© STEPANOFF 
\ © OFF CHARLEROI! 
——  @ EXPERIMENTAL 


0 
5 10 15 


Fig. 5. 


conditions for the same pump operating at different 
speeds. Thus, to obtain similar flow conditions and 
hydraulic behaviour, as regards the incidence of cavi- 
tation, with geometrically similar pumps it is necessary 
to have not only the same specific speed nsQ but also the 
same o-value. 

For a further generalisation and an easier interpre- 
tation of results of cavitation tests, a characteristic para- 
meter S, known as the “ suction parameter ”’ or “‘ suction 
specific sani > can be determined from the relation 


= n Q9°5/Hg975 eas “3 (5) 


This suction parameter is related to capacity in me same 
way as the specific speed msQ. It should be noted that S 
is independent of the total head. When two geometric- 
ally similar pumps have the same S-value, this means 
that all the conditions at the impeller inlet also lead to 
similar conditions for the inlet flow. 

This implies that pumps having the same eye 
dimensions and identical profiles for the inlet section 
of the blades should have the same characteristics as 
regards cavitation, although the outer diameter and the 
total head may be different. From this it might then be 
inferred that, by reducing the outer diameter of an 
impeller, the total head will vary, but the dynamic 
suction head Hg will not vary, provided that there is no 
alteration in running speed and capacity. Consequently, 
the cavitation parameter is not sufficient, by itself, to 
characterise cavitation behaviour. 

Instead of the parameter S, a modified parameter S’ 
may be used. This is obtained by a simple transforma- 
tion and by introducing a coefficient taking account of 
the inlet cross-section reduction due to the hub. Re- 
ferring to Fig. 1, let 


k = 1 — (dM/die)? 
Then, with this reduction coefficient, 


S’ = ($/100)2/k = (i)  eEpaR a (59 


It has been pointed out by Pfleiderer that the 
parameter S’ can be related to the angle 8,, obtained 
from the velocity triangle, when the absolute velocity cg 
and the peripheral velocity ue, are known, for the 
point e; immediately ahead of the leading edge of the 
blade. This applies when cy is perpendicular to 4, i.e., 
when it has no peripheral component. For instance, 
with a conventional type of pump with an inlet of simple 
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Curves of H; plotted against Q, obtained by various methods 
of calculation. 


curvature, for conditions giving a maximum 
S’-value, Pfleiderer obtained S’ = 2:61 and 

= 17°30’. Owing to their similar derivation, 
both S and S’ can be expressed in terms of the 
cavitation constant o and the specific speed, 
and vice vers. 

For single-entry pumps with a single im- 
peller, the numerical values of S are of the 
order of 150, on the basis of tests by Wislicenus 
and Stepanoff in the United States. With this 
S-value, 

o = 0-000184 4/3 ... nae (6) 


where c is thus expressed as a function of the 
specific speed related to power (i.e., with 
ns = 3°65 nsQ). For the present comparison, 
values of o were calculated, using eq. (6), and 
from these corresponding values of Hg and H; 
were determined. The latter were corrected 
so as to take account of the values of the 
resistance H; occurring in the suction line, 
and the resultant characteristic is plotted as 
curve (2) in Fig. 5. Curves (3) to (6) in the 
same figure were evaluated by other existing 
methods, and all curves are compared wth the 
experimental characteristic, i.e., curve (7) in 
Fig. 5 

For pumps with a single impeller and 
single entry, with blades of double curva- 
ture, Pfleiderer found a mean value of 
S’ = 3. For the pump used in the present investi- 
gation, with k = 0-8 and S = 150, the corresponding 
value is S’ = 2-8, which agrees _fairly well with 
Pfleiderer’s mean value. Using S’ = 3 andk = 08, 
the corresponding values of Hg, and hence of H;, 
were evaluated. After correction for the H;-values, the 
results were plotted as curve (3) in Fig. 5. 

Another expression, requiring, however, knowledge 
of more than one experimental coefficient, had been 
previously derived by Pfleiderer. From similarity 
considerations, he evolved the relation 


o = ks nsQ4/3/nj8 Gas aa) (@ 


where ks and y are experimental values and 7; is the 
hydraulic efficiency of the machine. Taking mean test 
values for pumps with low specific speeds, i.¢., ¢ min = 
0-075, nj = 0-8, and y = 2, and substituting these i in the 
equations for cavitation, Pfleiderer obtained the follow- 
ing formula :— 


a ee ee oF [Gies). Q a (7) 


An evaluation was made with ai equation and the re- 
sults obtained are plotted as curve (4) in Fig. 5. 

The comparison was then extended to include some 
empirical formulae which have been proposed for pumps 
with low specific speeds. These formulae are based on 
the consideration that the dynamic suction head is a 
function of two terms, depending on the absolute and 
the relative velocity of the flow respectively, and that, 
in the type of pump considered, the first term is pre- 
dominant. Thus, Stepanoff proposed the formula 


Hs = 9:14 — 3-5 (cim2/2g) ... (8) 


where c1m is the meridional velocity at the impeller 
inlet. On the basis of tests at the Ateliers Mécaniques 
de Charleroi, the following formula was evolved by 
Defeld for the absolute velocity :— 


2/4=8—H,;-Hp.. . 


where cy is the velocity in the suction line near the 
impeller inlet. These expressions served to obtain 
curves (5) and (6) in Fig. 5 

Reviewing all the results, it may be said that the 
calculated values of curves (1) to (4) are sufficiently 
close to those of the experimental curve ; they are on the 
low side for low Q-values and on the high side for high 
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Q-values, but also give a good approximation, on the 
— side, for the higher values of static suction 
ead. 

Curves (5) and (6) are situated below the experi- 
mental curve (7), with deviations of varying importance. 
Although the evaluations by means of eqs. (8) and (9) 
are more rapid, the results indicated by curves (5) and 
(6) can only be expected to give sufficient accuracy for 
high static suction heads and low capacities, whereas, 
for large Q-values, the deviations on the low side are 
extremely large. 


DyNaMic SUCTION HEAD 
For further evidence, curves (1) to (6) of the dynamic 
suction head, evaluated by means of the equations given 


above, have been plotted and compared with the 
experimental curve (7) in Fig. 6. 


8 
Hy 
7 @® meoict 
[-] 
@ WISLICENUS 
6 @ PFLEIDERER 
@) PFLEIDERER 
5 @ STEPANOFF 
@©) OFF CHARLEROI 
4 —— @ EXPERIMENTAL 
5 
2 
n= 2950 rpm 
| 
0 
5 10 15 20 
Q [litres/sec] 
Fig. 6. Curves of Hq plotted against Q, obtained by various methods 


of calculation. 


The dynamic suction head Hg depends on two terms, 
one of which is a function of the absolute velocity c1 
at the impeller inlet, while the other depends on the re- 
lative inlet velocity w, and on an experimental coefficient 
2, so that ‘ . 
Shee . wz Se 
2g 2g 

The velocity diagrams for the point e; in Fig. 1 were 
constructed for the operating conditions considered and 
the various suction heads at which incidence of cavi- 
tation was observed. For these conditions, eq. (1) can 
be employed to obtain the value of Hg, and hence of 4, 
since cj and wy are known. Thus, the determination of 
2 is based on the pump operating under conditions of 
incipient cavitation. 

It is, of course, possible to carry out accurate hydro- 
dynamic tests to determine the value of % at the cavi- 
tation limit by recording the pressures on the blades. 
However, these tests were made on single blades of one 
specific type only. Now, it is known that the pressure 
diagram for a set of blades differs from that for a single 
blade. Moreover, the variation in % is less pronounced 
for an aerodynamic profile than for a thin profile with a 
sharp inlet edge, such as that normally used in the types 
of pumps considered. 

The liquid arriving from the suction pipe and enter- 
ing the body of the pump, before reaching the impeller 
inlet, is entrained by the hub and other rotating parts 
in the direction of the impeller. It thus receives a prero- 


Ha = 
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tation 6, which is greater at high peripheral velocities 
of the impeller and when the meridional velocity 
component Cy of the liquid is a small value. This fact 
may be taken into account by means of an entrainment 
coefficient with a mean value of 0-2, which leads to the 


relation 

tan 8 = 0-2 V/ue1/com (11) 
The meridional velocity cm1, corresponding to the inlet 
edge of the impeller, is greater than cgm, Owing to the 
finite thickness of the blades. The flow of the liquid, 
with or without a sudden deviation of the streamlines, 
must end in a direction defined by the angle $1¢ of the 
blade relative to the direction of the peripheral velocity 
Uel. 

When the pump is not operated at maximum effi- 
ciency, the component of the shock 4c, and the resulting 
pressure drop can be evaluated approxi- 
mately by means of the following ex- 
pression :— 

H, = A Acy/2 2, (12) 
where A is a constant between 0:55 and 
0-65. 

This loss at the blade entry can be re- 
garded as an additional loss due to form 
resistance. If it is due to a certain inclina- 
tion of the blades causing the sudden 
deviation in liquid flow, it is generally 
known as a shock loss, and the forces can be 
calculated either from the reaction effect or 
from the laws of non-elastic impact. 

When the value o1 the loss is known, it 
is possible to split up the product  w1¢2/2g 
into two terms Ay w1c2/2 g and dp wi¢2/2g, 
where 

A = Ay t+ Ap. ... a s@H3) 
The first term Ay, w1-2/2 g depends on the 
shock losses, and is a function of the shape 
of the leading edge of the blades, their inlet 
angle $1,-, and the deviation 48 of the 
relative velocity, where 48 = fic — 81 is 
zero under conditions of maximum effi- 
ciency. The second term dpwic?/2g 
represents the hydrodynamic pressure drop 
related to the type of profile used and is 
much less subject to variations. 

Using eqs. (11) and (12), the velocity 
diagrams were plotted for the point e; (an example is 
shown in Fig. 7) for a speed n = 2950 rpm and Q-values 
between 9-3 and 22-0 litres per second, for which incipient 
cavitation had been observed at the various suction heads 
investigated. Then, the coefficients 2, 2,, and Ap» were 
evaluated. The results obtained are as follows :— 





QO | 93 | 13-5 | 17-25 19-5 | 22:0 
mn 1-26 0-52 | 0:27 0:21 0-28 
du 0-92 0:27 0-05 0-01 0-01 
hp 0:34 0:25 0-22 0:20 0:27 
n | 46 58 63 | 65 64 


With a maximum efficiency 1, i.e., of 65%, with QO = 
19-5 litres/sec, the coefficient % reaches its minimum 
value (approximately equal to Ap), so that 4, is nearly 
equal to zero. Thus, under normal operating conditions, 
2% & 0-2, which is in agreement with values published 
by other investigators of centrifugal pumps with thin 
blade profiles. In particular, this 4-value satisfies eq. (6), 
which was obtained for S = 150, assuming the same 


Acy=59 m/sec 





3:22 m/sec 


Os RE 





Cm, 





Ue, = 10°6 m/sec 


Fig. 7. Typical intet velocity diagram for the point ¢,, with 
n= 0 rpm and QO = 9°3 litres/sec. 
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value for the hydrodynamic coefficient as eq. (3) pro- 
posed by Medici. Departing from normal operating 
conditions, the A-curve rises on either side of its mini- 
mum value. In the present investigation, it was possible 
to establish experimentally only the low-Q branch of the 
curve, i.e., those values of 4 below and up to the normal 
condition. However, the rapid rise in % is mainly due 
to the increase in 2,. A conclusion to be retained is that 
the shock losses for fairly pointed profiles and with a 
constant thickness along the entire blade length are 
effectively greater than those obtained for profiles with 
rounded edges and designed with aerodynamic contours. 

In the pump tests, it should be noted that the shock 
loss at low deliveries was considerable, owing to the 
great difference between the angle $1, of the blade and 
that of the flow, so that considerable prerotation was 
obtained. However, the value of the loss, which is 
expressed in the product i, w1c for values of capacity 
below normal, increases at a lesser rate than 2,,, because, 
as its value increases, the corresponding values of w1¢ 
fall off appreciably. 
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An Electrolytic Tank for Measurements of Velocity and 
Potential Fields 


By H. W. HAHNEMANN and L. EHRET. 


(From Forschung aus dem Gebiete des Ingenieurwesens, Vol. 20, 1954, No. 5, 


pp. 141-144, and No. 6, pp. 171-177, 16 illustrations.) 


THE equipment described in this article was developed 
for the determination of flow patterns of two-dimensional 
problems and of three-dimensional problems with 
rotational symmetry. 


TWwo-DIMENSIONAL FIELDS 

The determination of the flow pattern of non-viscous 
fluids by measurement in electrolytic tanks is based on 
the fact that the difference in electrical potential between 
two points in the electrolyte is proportional to the 
velocity of a fluid between these two points in the 
corresponding pattern of fluid flow, and also indicates 
the direction of flow. For two-dimensional fields, the 
usual arrangement is to have a shallow tank filled with 
water (serving as an electrolyte) to a depth of a few 
centimetres. The potential surfaces forming the 
boundaries are obtained by making use of the fact that 
they are perpendicular to the streamlines; the potential 
boundaries are constructed as solid walls of metallic, 
electrically conductive material located vertically in the 
tank, with different electrical potentials applied to them, 
in order to obtain the flow pattern. The streamline 
boundaries are constructed as vertical walls or panels of 
non-conductive material. If it is necessary to include a 
solid body in the flow, this body is also made of elec- 
trically non-conductive material. These arrangements 








Fig. 1. Schematic disposition of a wedge section in an 
electrolytic tank. 
APRIL, t955 Volume 16, No. 4 


apply when it is desired to measure lines of velocity- 
potential; for measurements of the flow lines, i.e., 
streamlines, the materials used should be reversed, so 
that potential boundaries are non-conductive, while 
streamline boundaries and immersed bodies are con- 
ductive. 

The potential at any point is measured in the elec- 
trolyte by means of a metal probe, touching the electro- 
lyte surface and movable in all directions in the horizontal 
plane. The potential is determined with a potentio- 
meter, using a null-balance method. In this procedure 
for two-dimensional problems, use is made of the fact 
that streamlines do not cross the plane of symmetry of 
the figure. Therefore, it is sufficient to investigate a 
single sector, using as planes of symmetry the non- 
conductive bottom of the tank and the free upper surface 
of the electrolyte. 


‘THREE-DIMENSIONAL FIELDS 

A procedure similar to that described can be em- 
ployed for problems involving rotational symmetry, 
in which the plane of symmetry passes through the 
axis of the flow. As every longitudinal section through 
the flow axis is a plane of symmetry, it is not necessary 
to use a semi-body, i.e., half of the body of revolution 
cut through one of its planes of symmetry, a wedge- 
shaped section being sufficient. 

As a simple example, Fig. 1 shows a section through 
a duct of varying cross-section. The axis of the flow is at 
point a. The boundary of the total cross-section of 
the body of revolution is a circle b. The wedge section 
selected for the investigation is bounded by a glass 
plate c, inclined to form an angle « with the horizontal, 
a boundary wall d, and the free upper surface of the 
electrolyte e at its level g. The point of the probe f 
touches the water surface. When « = 0 deg., the two- 
dimensional problem is obtained. Although theoretic- 
ally the wall d should have a circular curvature, the error 
in length < at the water surface is only 1% of the duct 
radius with a slope angle « of 8 deg., when d is a straight 
line, which is generally permissible. Another error 
occurs at the flow axis (point a), owing to capillarity 
effects in this vicinity, where the surface of the water is 
curved and the depth of water is small. However, this 
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curvature can be reduced by suitable means. Moreover, 
in most cases the boundaries near which the potential 
field is primarily of interest are situated at a considerable 
distance from the point a, when the tank is of suffi- 
ciently large dimensions. 

Figs. 2a and 2b show examples of practical applica- 
tions. Fig. 2a represents a duct located around a central 
hub. For measurements in the electrolytic tank, the 
duct wall a and 'the curved surface b are made in the form 
of non-conductive walls and located on the bottom plate 
of the tank. Two plate electrodes e) and e2 are situated 
at some distance from the hub contour. The tank is 
then set up at an angle and filled with water up to the 
level of the duct axis c. 


g 














Fig. 2. Schematic arrangements of boundary walls in an 
electrolytic tank. 

Fig. 2b shows the arrangement for studying the flow 
in an intake diffuser of an annular cooling system, the 
diffuser contour being represented by the non-conductive 
wall b and the hub by the wall d. In this example, there is 
no boundary wall for the outer parts of the flow. How- 
ever, as a wall of this type is needed for the tank, it is 
necessary either to make an approximate calculation of a 
streamline for this purpose, or to locate this wall 
sufficiently far away from the main axis to avoid altering 
the flow conditions. Whether this wall is suitable or 
not can be verified subsequently from the type of field 
pattern indicated by the measurements. The plate 
electrodes e; and e2 are again situated well away from the 
part of the field near the intake section. The flow 
through the diffuser can be regulated by splitting up the 
electrode e2 into two portions e2, and e2,. If the potential 
applied to e2, is the same as that at e1, there is zero flow 
through the diffuser. When the potential of e2, is made 
lower than that of e1, a number of streamlines are drawn 
into the diffuser, and the flow can thus be gradually 
increased. 


MEASURING APPARATUS 

The apparatus (Fig. 3) is built up on a strong rec- 
tangular base frame (1) made from channel irons 
(43-5 cm) with a diagonal stiffener. At each of the 
four corners of the frame are welded-on vertical tubes 
(2) of 3cmo.d. These tubes are threaded internally and, 
by means of an arrangement adjustable in height, they 
support the holding and adjusting members of the 











probe (3), as well as the plywood frame (4), on top of 
which is placed the plywood board (5) covering the 
entire apparatus. A sheet of drawing paper is attached 
to the underside of this plywood board, which can be 
adjusted to a suitable position by means of wing nuts 
(6) and lock nuts (7). The drawing paper is used for 
recording the measuring points. 

On the long channel sections of the base frame (1) 
is also mounted an inclinable frame supporting the glass 
plate (8), which is optically flat, 6 mm thick, and mea- 
sures 50110 cm. This glass is the bottom plate of the 
electrolytic tank. The inclinable frame consists of 
channel sections (9), 110 cm in length, with transverse 
stiffening provided by angle-irons (10) and a channel 
section (11). These transverse beams are ground flat 
on their upper surface and are covered with sponge- 
rubber strips (12), on which the glass plate (8) is sup- 
ported. The strips are held by means of adjustable 
end-pieces (13). The frame can be inclined (and also 
raised to some extent) about the bolts (14) by means of 
the threaded rods (15), which are provided with large 
knurled heads. 

The probe (3), situated above the glass plate, is 
adjustable in height by means of the knurled screw (16), 
and its upper portion is electrically insulated and 
supported in the guide carriage (17). The upper section 
of the probe, extending above the holding arrangement, 
contains a sharply pointed pin (18), which is easily mov- 
able in its recess. This pin is forced upwards when a 
short current pulse is supplied to a small solenoid (19) 
by means of a tapping key, and perforates the paper 
immediately above it at the position of the point where 
the measurement is taken. In an alternative arrange- 
ment, an optical system with a small light bulb can be 
mounted at the top of the probe, in place of the marking 
pin and solenoid. The ray of light is directed vertically 
upwards and indicates the measuring position on a 
transparent paper mounted on a glass plate. 

In designs of electrolytic tanks described elsewhere, 
the measuring points are frequently transferred to a 
drawing board situated along one side of the tank, by 
means of a pantograph arrangement. Linkages of ‘this 
sort are apt to produce errors in marked positions, owing 
to play in joints and constructional inaccuracies. It is 
considered that the present arrangement eliminates such 
errors, even if there is some play in the guides of the 
carriage (17), since the marking pin (18) is situated 
immediately above the probe (3) 

For the adjustment of the probe to any point in a 
horizontal plane, a special mounting was developed, 
and this has been found fully satisfactory. Coarse 
height adjustment of the probe unit is provided by the 
pairs of nuts (20). Between these are tubular sections 
(21), 6 cm high and with an internal diameter of 3-5 cm. 
Two of these tube sections, on one of the long sides of 
the apparatus, are connected together by a channel iron 
(22), of 4 x 3-5 cm, welded onto the tubes. This channel 
iron carries a machined rail, on which the roller (23) of 
the carriage of the probe unit is situated. The two tubu- 
lar sections (21) on the other side are coupled together by 
a polished nickel-plated tubular guide member (24), of 
3 cm diameter, on which, supported in a guide-piece 
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Fig. 3. Arrangement of measuring apparatus. 
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(25), 21 cm in length, the carriage of the probe unit 
slides. This guide-piece also contains the knurled 
screws (26) and (27), by means of which the longitudinal 
or transverse displacement of the probe is obtained, the 
arrangement operating accurately and smoothly. 

Longitudinal displacement is obtained by means of a 
wire cable 1 mm thick, which is looped once around the 
roller (28) and is fastened to the corresponding tube 
sections (21) at the ends of the guide member (24). The 
cable is kept taut by means of a small tensioning spring. 
When the knurled screw (26) is rotated, the cable winds 
round the roller (28) and this causes the carriage of the 
probe unit to slide in its guide-piece (25) on the tubular 
guide member (24). 

The carrying arrangement of the probe unit is 
composed mainly of the roller (23), the guide-piece (25), 
the transverse displacement device, and the two polished 
nickel-plated guide tubes (29), 20 cm o.d. and 66°5 
cm in length, on which the carriage (17) with the 
measuring element can slide transversely over the tank. 
For this purpose, the carriage (17) is drilled in two 
places, with a hole for one guide tube and a hollow- 
milled recess for the other guide tube. 

For transverse displacement of the probe unit, an 
arrangement is used comprising the manual adjusting 
screw (27), and a series of rollers. A thin elastic cable is 
arranged around the rollers with adequate tension and its 
ends are fixed on the carriage (17). When the adjusting 
screw (27) is rotated, the carriage (17), and hence the 
probe, is moved, without any play in the system. 

The simple bridge-circuits employed for the electrical 
measurements are shown in Figs. 4a and 4b. In Fig. 4a, 
current from a low-frequency generator S at about 800 
cps flows across the end plate electrodes e, and e2 
through the electrolyte, while in the other arms of the 
bridge current passes through the non-inductive rotary 
step-type rheostats Ri, R3, and R2, of 10,000, 1000, and 
10,000 ohms respectively. A pair of headphones 7, with 
one side earthed, is connected between rheostat R3 and 
the probe e3. The other wall boundaries a, b, and c of 
the tank are of non-conductive material. 

In Fig. 4b, the circuit includes two electrodes e2, and 
€22 in place of e2, and an additional rheostat R4 of 
10,000 ohms. Thus, electrode e2, represents the diffuser 
unit. If the connections of e2, and e2, are interchanged, 
the resulting circuit represents an additional suction 
effect, due, for instance, to a cooling fan situated between 
the contour portions b and d. In these arrangements, the 
electrical and hydrodynamic potential lines are truly 
equivalent. 

For measurements of the field lines, a potential 
difference across the headphones was obtained from a 
tapping on R3. The probe in contact with the electrolyte 
was then adjusted so as to obtain a minimum of hum in the 
telephones. This minimum is sharply defined, so that 
for each stud setting of the rheostat R3 the equipotential 
line can be followed and determined with adequate 
accuracy. At each minimum-hum position, the corres- 
ponding point was marked on the drawing board in the 
manner already described. As, in this case, the rheostats 
were subdivided into 110 steps of 1000 ohms each, it was 
possible to determine 110 potential lines with the 
arrangement. It was not necessary to trace each line 
over the entire field, since in the problems considered it 
was mainly the flow pattern along the contours that was 
of interest. The average voltage between the electrodes 
e1 and e2 was in the region of 40 V, and the resistance 
of the electrolyte (a mixture of mains and distilled water) 
had an average value of about 2000 ohms. 

The contour components were set up on the glass 
plate, which was then tilted to an angle of about 10 deg. 
The plate electrodes were made of aluminium sheet of 
from 1 to 2 mm in thickness, whereas the insulated 
portions were made of seasoned birch for the curved 
contours, and “ Pertinax ” for the flats. The birchwood 
models were painted with waterproof varnish (ships’ 
varnish) and also covered with a 0-3-mm layer of “‘ Vini- 
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Fig. 4. Bridge-circuits used for field-potential measure- 
ments. 
(a) Duct with internal hub. 
(b) Intake diffuser of an internal cooling system. 
ur ” foil, attached by means of an adhesive, on the side 
in contact with the electrolyte. 

In cases where the electrolyte reached up to the 
main axis of the flow, i.e., the edge of the wedge in the 
inclined tank, the capillary effect was reduced by using a 
thin cotton thread, carefully attached by means of 
shellac along the main axis. The contour pieces were 
held in place on the glass plate by means of a strong layer 
of adhesive wax, which prevented any leakage of water 
under the models. 

Owing to the inclined position of the electrolytic 
tank, the probe may not be able to indicate potentials 
right up to the edges of the contours remote from the 
main axis, unless, as is not generally the case, the water 
level reaches up to these edges. These contour lines 
then have to be drawn in after the measurements. This, 
however, presents no special difficulty, since the distances 
from the main axis are known accurately, and errors in 
length (¢ in Fig. 1) are negligibly small. 

An apparatus similar in construction to that des- 
cribed has been adapted in the U.S.A. to various 
applications. It should be noted that the electrolytic 
tank is mainly suitable for investigations of incom- 
pressible flow. For problems related to compressible 
flow, use may be made of the analogies described by 
Poritsky, Sells, and Danforth. 
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Heat Treatment of Titanium Alloys 
By L. D. JAFFE. (From Metal Pregress, Vol. 67, No. 2, February 1955, pp. 101-108, 6 illustrations.) 


As a broad generalisation, it may be said that the 
mechanical properties of titanium alloys, like those of 
iron-carbon alloys, depend not so much upon compo- 
sition as upon the phases present and their distribution. 
In pure titanium the hexagonal close-packed alpha 
phase is stable from atmospheric temperatures up to 
1620° F, whereupon it transforms into a body-centered 
cubic phase, stable at temperatures from 1620” F to the 
melting point. Thus, the pure metal has certain simi- 
larities with iron, in which an “ alpha ” phase, stable at 
low temperature, transforms at 1670° F to a “ gamma” 
phase, stable at higher temperatures. In many titanium- 
base alloys, a two-phase structure, alpha plus beta, is 
stable at room temperature. Beta is never stable at 
room temperature without alpha. 

In other titanium alloys, intermediate phases or 
intermetallic compounds such as TiCr2, TiFe, and 
TiMn, would occur if time and temperature were 
sufficient to attain equilibrium, but these phases ap- 
parently do not generally form during normal time for 
heat treatment. Accordingly, intermediate phases may 
ordinarily be neglected, when considering the effects of 
usual heat treatments ; the latter are based upon the 
equilibrium of alpha and beta. Except for “‘ interstitial 
elements ” and aluminium, alloying elements in titanium 
stabilise beta at the expense of alpha, giving phase 
diagrams of the general type shown in Fig. 1, in which 
the schematic Ms; and Mf lines represent martensite 
start and finish respectively, the Ms temperature for 
pure titanium being according to Duwez!. Mf tem- 
peratures have not been measured for any of the alloys. 
This diagram has notable similarity to the iron-nickel 
diagram in the alpha-gamma region. 
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Fig. 1. Typical metastable equilibrium diagram for 
titanium-base binary alloys. 


As suggested in Fig. 1, titanium alloys on cooling 
undergo a martensite transformation. Beta tends, upon 
quenching, to transform to a martensitic alpha (called 
‘** alpha-prime ”’). If the Ms temperature is above room 
temperature, the beta structure after a sufficiently rapid 
quench will consist of alpha-prime, with or without 
some retained beta. If the M; is below room tempera- 
ture, the quenched structure will then consist of re- 
tained beta. 

Tables listing the microstructure to be expected in 
binary alloys, as it varies with alloy content, have been 
compiled. The following table, however, is probably of 
more immediate value, as it classifies the commercial 
alloys in groups with regard to their expected micro- 
structure after very slow cooling and after very rapid 


150 


quenching. The various commercial titanium alloys are 
shown as completely alpha, but a little beta is normally 
present because of the iron content (about 0°15%). It 
is not known whether this beta is in equilibrium or would 
eventually dissolve. 


TABLE I. MICROSTRUCTURE OF COMMERCIAL TITANIUM ALLOYS, 





DESIGNATION | NOMINAL COMPOSITION 


Alpha after slow cooling 


Iodide titanium High purity 


Ti-75 A Unalloyed 

Ti-100 A Unalloyed (high in oxygen and nitrogen) 
A-55 Unalloyed 

A-70 Unalloyed 

A-110 AT Al5%3 Sn 25% 

RS-55 Unalloyed 

RS-70 Unalloyed 

MST-111 Unalloyed 


Alpha plus beta after slow cooling ; 
Alpha-prime plus beta after quenching 


Ti-140 A Cr2%3 Fe2%; Mo2% 
Ti-150 A Cr2:8%; Fe 15%; O,0:2% 
Ti-155 A Al5:5% 3 Cr15% 3 Fel'5% 3; Mol-5% 
C-130 AM Al4%; Mn4% 
RS-110 Cr4%3; Fe2% 
RS-110 BX Al15%; Mn3% 
RS-130 Al4%; Mn 4% 
RS-140 X Al5% 3; Cr2:7% 3; Fe 13% 
MST-3 Al-5 Cr | Alay; €r5%% 
MST-4 Al-4 Mn Al 4%; Mn4% 
MST-6 Al-4 V | Al6%; V4% 
Alpha plus beta after slow cooling ; 

beta after quenching 
Ti-150 B Cr 45%; Fe 45%; Mo4% 
C-110M Mn 8% 
RS-120 Mn 7% 
MST-3 Mn Complex | ~“ le 3 Cr 1%; Fe 1% Mo 1%; 

oO 

MST-8 Mn Mn 8% 





PROPERTIES OF THE MICROCONSTITUENTS 

Comparisons of the properties of these three micro- 
structures are somewhat difficult, because it is impossible 
to obtain 100% alpha, beta, or alpha-prime with the 
same composition and the same temperature. In general, 
however, alpha is relatively soft, ductile, and tough. 
Beta is somewhat harder and stronger, and correspond- 
ingly less ductile ; while little is known about its tough- 
ness, it is lower than alpha—at least as much as would 
be expected from the difference in strength. 

Data on alpha-prime are scanty, and even its identi- 
fication is questionable. Since it has the same crystal 
structure as alpha, the difference between them in 
high-purity titanium can only be a matter of grain 
shape and size. In titanium alloys, alpha-prime is 
generally richer in alloying elements than equi-axed 
alpha, since it retains the alloy content of the beta from 
which it formed. This probably adds significantly to 
its hardness. Likewise, alpha-prime in alloys is generally 
harder than beta of the same composition ; for example, 
Machlin, Weinig, and Hendrickson found that, in a 
6:°5% Cr alloy, the microhardness of alpha-prime was 
446 DPH, and of beta 381. 

Titanium alloys in the alpha-prime condition also 
have a higher fatigue endurance limit than when 
annealed to the alpha microstructure. According to 
Brotzen and Harmon?, this increase is apparently 
associated with a straightening of the initial portion of 
the tensile stress-strain curve. In equi-axed alpha 
structures this portion is curved, indicating that true 
elastic action is limited, resulting in local deformation 
and heating under repetitive loading below the yield 
(measured at 0:2% offset). 

Some of the changes in properties of unalloyed 
alpha titanium observed on heating into the beta range 
and cooling may simply reflect a decrease in variation 
of properties with direction. There is evidence that such 
heating and cooling removes directionality in hardness 
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measurements, even though it sharpens the recrystallisa- 
tion texture. For example, Ogden and his associates? 
found that 7:5% Al alloy strip, annealed in the alpha 
range at 1560° F, had a Vickers hardness of 320 on the 
surface and 240 when measured on a cross-section. 
After holding 30 min in the beta field and water- 
quenching, there was no difference in hardness with 
direction ; all tests were close to Vickers 295. 

When beta is retained by rapid quenching, Holden 
and co-workers* found that its strength and toughness are 
somewhat better if fine-grained (0-25 mm) than if 
coarser (0-40 mm). Data on the effect of beta grain size 
upon properties of alpha-beta mixtures are lacking. 


MARTENSITE TRANSFORMATION 


By cooling a quenched alloy consisting of beta plus 
alpha-prime to various sub-zero temperatures, retained 
beta can be transformed to alpha-prime of the same 
composition. Comparative measurements of the two 
conditions have so far been limited to hardness ; hard- 
ness increases with the proportion of alpha-prime 
retained in the structure. 

Quenched alloys with mixed beta and alpha-prime 
have relatively low yield strength, because deformation 
is promoted by further beta to alpha-prime transforma- 
tion under stress. The martensite reaction seems to be 
readily inhibited (beta is stabilised) by brief holds at 
elevated temperatures below the beta transus. 


ISOTHERMAL TRANSFORMATION 


When a hot alloy in the beta condition, e.g., an 11% 
Mo alloy at 1830° F, is rapidly quenched into the 
range where beta plus alpha is stable and held there, 
precipitation occurs by nucleation and growth with 
typical age hardening. Very hard and brittle structures 
form, the hardness reaching its highest value in about an 
hour at 750° F. High hardness may develop before any 
precipitation is visible under the microscope, and has 
been ascribed by Frost and his associates? to a transition 
precipitate called omega, very difficult to distinguish 
from beta metallographically or by X-ray diffraction. 
The formation of omega has a parallel in the sequence of 
changes during the age hardening of other alloys, such as 
aluminium-base alloys. 

At high isothermal transformation temperatures, 
visible alpha forms first at grain boundaries, and later as 
plates within the beta grains. At lower transformation 
temperatures, alpha appears as a fine precipitate within 
the grains, becoming finer as the temperature is lowered. 
To what extent the brittleness observed in alloys 
transformed for short times or at low temperatures is 
associated with grain-boundary or finely dispersed alpha, 
and to what extent it is associated with omega, have not 
yet been determined. 

Whatever these factors are in producing hardness 
and brittleness, they disappear rather rapidly at higher 
transformation temperatures. Moderate strength with 
good toughness and ductility is then obtained, the 
structures consisting of alpha particles in a beta matrix. 
The gradual rise observed in tensile strength in samples 
transformed for increasing times at fairly high tem- 
peratures seems to be due, not to an increase in hardness, 
but to an increase in ductility, so that the material no 
longer breaks before necking in the tensile test. Beta 
decomposition also should slow down at temperatures 
just under the beta transus. Alpha is softer than beta, 
and at lower temperatures more alpha is present at 
equilibrium ; this lowers the strength but raises the 


_ ductility. 


Beta not transformed isothermally may transform to 
alpha-prime on subsequent quenching, but any pre- 
cipitation of omega impedes the subsequent formation of 
alpha-prime. Furthermore, as alpha forms isothermally, 
the remaining beta becomes progressively enriched in 
alloying elements. This enrichment is greater in alloys 
transformed at low temperatures, where more alpha can 
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form, and is often sufficient to reduce the M; of the 
remaining beta to below room temperature. Thus, 
isothermal transformation can actually increase the 
retention of beta phase in the microstructure. The 
composition of the enriched beta and the rate of quench- 
ing to room temperature may be such that omega forms 
during the quench, with corresponding increase in 
hardness and brittleness. 

The kinetics of the 8 — « transformation by nucleation 
and growth have not been investigated below the M, 
temperature, as far as the author is aware. This matter 
would seem to be important, as M, temperatures may be 
as high as 1560° F. In pure titanium, the kinetics of the 
transformation by nucleation and growth do not seem to 
have been investigated at all. 


CONTINUOUS COOLING 


The effect of variations in cooling rate from the beta 
range may be generalised in terms of Fig. 2. At suffi- 
ciently high cooling rates (toward the left of the diagram) 
the structure as-quenched consists of retained beta, of 
moderate hardness. If the M; is above room tem- 
perature, alpha-prime will also form, contributing some 
additional hardness. At slower cooling rates (at the 
middle of the diagram), omega will precipitate from the 
beta, giving a hard and brittle structure and, since the 
Ms is apparently depressed by omega formation, less 
alpha-prime will be present. At still slower cooling 
rates (at the right of the diagram), the beta plus omega 
will transform to beta plus alpha and, as alpha precipi- 
tates out, hardness falls, while ductility and toughness 
rise ; any alpha-prime forming will ternper significantly 
before reaching room temperature, again giving a struc- 
ture of alpha plus beta. 

This generalised diagram, which is after Jaffe,6 may 
also be used to indicate the effect of alloys. Thus, for 
example, the structure of a high alloy—say, 12% Mn— 
would be all-beta, whether quenched or slowly cooled 
from a high temperature, and commercially pure tita- 
nium would be principally alpha. 


JOMINY HARDENABILITY 


For any one alloy, only a small portion of the range 
of cooling rates indicated in Fig. 2 will be included in an 
end-quench hardenability test (Jominy test). The types 
of such curves® found in Ti-Al-Cr alloys are illustrated 
in Fig. 3. The curve for 2 Cr, 4 Al is typical of the leaner 
alloys, including such commercial alloys as Ti-150 A 
and C-130 AM. Here, hardness is highest at the water- 
quenched end, and falls as the cooling rate is decreased 
towards the air-cooled end of the hardenability bar. 
(This composition falls in the right-hand portion of the 
alloy field and produces 8 + «). 

Inintermediate alloys, including commercial C-110M, 
and illustrated by the curve for 4 Cr, 4 Al, which 
straddles the peak of Fig. 3, hardness rises because of 
formation of omega and then falls because of its de- 
composition at slower cooling rates to alpha and beta, and 
also because whatever alpha-prime may form will 
temper. 
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Fig. 3. Jominy tests on low-, medium-, and high-alloy 
metal. 


In rich alloys, as shown in the third curve for 6 Cr, 
4 Al, the structure at the water-quenched end is soft 
retained beta ; away from this end, where omega forms, 
the hardness rises. 

Increased content of beta-stabilising alloying ele- 
ments, then, may be considered as increasing the 
hardenability of titanium-base alloys. This use of the 
term “ hardenability ”’ is consistent with that for steels, 
where hardenability means “ ability to be quenched from 
the austenite range to room temperature without trans- 
formation by non-martensitic reactions.” Substituting 
“ beta ” for ‘* austenite,”’ the same definition holds. 

Fig. 2 suggests that titanium with little or no alloy 
content will consist of alpha phase formed by the 
reaction 8 > B + w—> 8 + «— «rather than 8 > «’ on 
both air cooling and water quenching. If the start of 
martensite formation is at a high enough temperature, 
alpha-prime undoubtedly forms, but there is reason to 
believe that the first-mentioned four-step reaction, 
involving nucleation and growth, actually does take 
place very rapidly in unalloyed titanium. Duwez! 
found that the temperature of the thermal arrest asso- 
ciated with 8 > « transformation can be lowered 30° C 
by increasing the cooling rate. Some of the so-called 
martensite observed in unalloyed titanium may therefore 
have formed by nucleation and growth ; this introduces 
some doubt as to the properties of the alpha-prime 
phase reported in the literature. 


TEMPERING 


When alpha-prime is heated, it will change to the 
alpha phase. Since alpha-prime generally contains more 
than an equilibrium amount of alloying elements, these 
will diffuse into nearby beta. Relatively little change in 
microstructure occurs until tempering reaches about 
900° F. Any mixture of alpha-prime and beta then 
becomes coarser and spheroidised ; in the absence of 
beta the alpha changes from acicular to serrated. 

At long tempering times it appears that the prime 
variable is the relative amounts of alpha and beta ; more 
alpha will exist at equilibrium at low temperatures, so 
that the strength will eventually fall to lower levels at 
low heat-treating temperatures than at high. This is 
particularly noticeable in material previously worked in 
the alpha-beta temperature range. Here, ductility is 
high after low tempering temperatures, at the expense of 
hardness. 

Likewise, alpha phase has better toughness than 
beta phase. For example, Holden, Ogden, and Jaffee* 
find that a high-purity alloy with less than 5% beta 
(0:-55% Mn) gives 70 to 80 in-lb impact energy at all 
temperatures between —325 and +300° F, whereas an 
alloy with 25% beta in its microstructure (4:4% Mn) 
showed 14 in-lb at —325° F, consistently increasing 
with testing temperature but getting no higher than 
60 in-lb at +300° F; a 100% beta material (12% Mn) 
was at least 15 in-lb lower at all temperatures. 

Occasionally, very marked hardening may occur 
in material tempered and then quenched, if the temper- 
ing temperature (1300 to 1650° F), the time, and the 
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cooling rate are such that enriched beta forms, of a 
composition from which omega precipitates during the 
quench. The hardness after tempering and quenching 
then may go through a peak as the tempering time 
increases, giving a hardness/time curve suggestive of age 
hardening, but actually analogous with secondary 
hardening in high-speed steel. 

When a high alloy in which beta has been retained 
by quenching is reheated, this beta transforms to beta 
plus omega and then into a mixture of beta and alpha. 
Typical age-hardening curves result, the hardness peak 
being higher at low ageing temperatures but attained 
more rapidly at high temperatures. With such alloys 
as 15% V and 4 Cr, 2 Al, one hour at 750° F gives about 
as high hardness as can be attained with any treatment of 
reasonable length. 

The tempering curve starts from the condition prior 
to tempering. If the material is already at peak hardness 
(beta plus omega) before tempering, it can only soften 
during the temper; if it is already over-aged (beta plus 
alpha) before tempering, even a temper at 1250° F 
can only soften it a little more. In some alloys a second 
hardness peak is found on long ageing, possibly due to 
precipitation of an intermediate phase (intermetallic 
compound) by a eutectoid reaction. 

It might be expected that the behaviour of retained 
beta on reheating and the resulting properties would be 
about the same as that of beta quenched directly to the 
ageing temperature and held for the same time, but the 
presence of alpha-prime might nucleate and accelerate 
transformation of retained beta. 

Differences in behaviour on reheating and on direct 
quench have been reported but the data have not been 
co-ordinated. In most cases the hardness is higher and 
toughness lower after quench and reheat than after 
isothermal transformation for the same time and tem- 
perature. 


SOLUTION TREATMENTS 


It has been stated by Parris and co-workers’ that 
better ductility is attained with a given (high) strength 
by solution treatment in the upper portion of the alpha- 
beta range, quenching, and then over-ageing, than by 
quenching from the beta range and over-ageing. Suggested 
reasons include a theory that grain growth of beta is 
prevented, and another that alpha occurs as spheroids 
rather than as plates and grain-boundary precipitate. 
Rolling in the alpha-beta range prior to solution treat- 
ment is likewise reported to give superior ductility to 
rolling in the beta range. 

Referring to Fig. 2, solution treatments below the 
beta transus may be represented as splitting the alloy 
into two constituents—soft alpha, and beta enriched in 
alloys. Thus, the beta is shifted to the left of the curve 
and its hardenability is increased. This might, for 
instance, result in a peak developing in a Jominy curve 
on quenching from a low temperature when there is no 
peak on quenching from the beta range, or in shifting 
the peak to lower cooling rates. Also, the hardness may 
then peak on tempering, when it did not do so after the 
quench from high temperature. On this, a general 
softening due to alpha constituent would be super- 
imposed. 
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Investigation into the Load Dependency of Vickers 
Micro-Hardness 


By H. BOcKLE. (From Zeitschrift fiir Metallkunde, Vol. 45, Nos. 11 and 12, November and December, 1954, 
pp. 623-632 and 694-701, 20 illustrations.) 


It has been shown by Schulz and Hanemann that 
Kick’s law of similarity 

P = ad? ies (1) 
is not valid for micro-hardness testing wd ae the 


measured values can be represented with good approxi- 
mation by the exponential law 

P = ad", ane (2) 
where P is the test load, d is the indentation ik 
and a and n are constants, m usually lying between 
1:7 and 1:9. This exponential law has subsequently 
been confirmed by numerous investigations. When 
eq. (2) is combined with the usual definition of hardness 
B= c P/d?, it can be seen that, when n < 2, micro- 
hardness is reduced with increasing load. 

Owing to its similarity to the Meyer exponential 
law, derived from observations in Brinell tests, eq. (2) 
is usually referred to as Meyer’s Law; this is to be 
regretted, inasmuch as eq. (2) is merely an empirical 
approximation and has no physical background. More- 
over, in certain cases, deviations from this law, repre- 
sented as a straight line in logarithmic co-ordinates of 
P and d, have been observed by Tabor. Accurate 
measurements, however, have shown that the straight- 
line relationship is only a chance occurrence caused by 
scatter and by the relative “ coarseness ” of the logarith- 
mic scale. As the exponent 7 is not a constant, but is 
mainly a function of the load P or of the indentation 
diagonal d, the problem of the true relationship between 
P and d arises, as neither the functions of d nor the 
coefficients of the series are known. Experimental 
investigation is made difficult by the fact that numerous 
secondary phenomena intervene in the measurements, 
which are already subjected to the usual sources of error. 


EXISTING HYPOTHESES 
In Mitsche’s exponential series 

P = 9 (d)df (4) or P = ay + a2d + a3d? + agd3 + .. (3) 
neither the functions of d nor the coefficients of the series 
development are known. Bernhardt considered the 
energy balance of the applied deformation work and 
deduced that 

P = ad? + bd oor ase (4) 


The greatest use is made of hypotheses which are 
derived from the elastic recovery. The validity of 
Kick’s law is assumed, but the measured indentation 
diagonals are increased by an amount due to elastic 
recovery, so that the conditions of eq. (1) are fulfilled. 
First suggested for indentations with the Knoop 
diamond by Tate, the following equation has also been 
accepted by Schulze as valid for the Vickers diamond 
pyramid for all — and all materials :— 

=a(d+c)? Fee (5) 
where c is the eal recovery in the diagonal inition, 
dependent on the material, but independent of load. 

Braun’s hypothesis is still more comprehensive, 
including both elastic recovery and work hardening, 
expressed by an Papers parameter m, 

= ad™ (d + c)2-™ (6) 
The limiting v ae are m = 2 (purely plastic peony 
tion) and m = 0 (maximum elastic recovery). Actually, 
eq. (6) contains eq. (1) for m = 2, and eq. (5) for 
m = (0. As another special case, m = 1 yields eq. (4). 
Eq. (6) is valid only for materials with a sorbitic struc- 
ture ; for pure metals a more complicated equation with 
two additional constants is suggested. 
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It may be useful to present the above equations in a 
log-log diagram. With x = log d (d = measured and 
uncorrected indentation diagonal), and y = log P, eq. (2) 
becomes 


y=a+mx “a4 re) 
where a is a constant. Eq. (4) becomes 
y =x + log (ae2"3* + 6) ... (4a) 
having two asymptotes with inclinations » = 1 and 
n = 2. Finally, eq. (5) becomes 
y =a+ 2 log (e2"3%* +c), ... «<< Gal 


which, for increasing x-values, also has an asymptote of 
inclination n = 2, whilst the other asymptote is hori- 
zontal. In Fig. 1, the curves for these three equations 
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Fig. 1. Calculated approximation of log P = f (log d) for 
hypothetical values in the load range between 10 and 100 gr. 


are plotted, assuming that the extrapolated macro-hard- 
ness (140 kg/mm2) is the same for eqs. (4) and (5). 
Furthermore, the usual average values of m = 1-8 and 
c = 2 microns were chosen. Measured values for loads 
from 10 to 200 gr satisfy all three curves equally well. 
This would also be the case with eq. (6) (not shown) which 
contains another constant and therefore can be adapted 
even better to the measured values. Measurements in 
the range from 10 to 200 gr are therefore no proof in 
favour of one or the other hypothesis. The divergencies 
in the range of smaller loads might be investigated 
experimentally, if it is possible to keep the measuring 
errors suitably small, e.g., by evaluation with the 
electron microscope. 


SOURCES OF ERROR 

The absolute values of measuring errors are fre- 
quently of the same order of magnitude as the differences 
between the curves expressing different hypotheses. 
Hence, a thorough error analysis is indispensable for a 
correct interpretation of measured log P/log d curves. 

In most technical and scientific applications, micro- 
hardness tests are made for the purpose of comparison, 
the effective accuracy of which is given by the size of the 
relative reading error. As confirmed by various ob- 
servers, the error can be brought down to + 0-1 u by 
keeping the test conditions constant. While systematic 
errors are excluded by the comparison method, the 
former decisively influence the log P/log d curves. 
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Sources of error which can easily be eliminated by a 
suitable instrument and careful performance of the test 
are asymmetry and angular differences in the diamond, 
which should not exceed 0:5%, and the length of roof 
edge and nicks, which should be below 0:5 u. The 
penetration path must be straight and should deviate 
from the normal direction by only a few degrees. Even 
small vibrations can increase the width of indentations. 
The same holds true for rapid load applications, the 
influence of which also depends on inertia. The per- 
missible maximum speed is between 1 and 10 u/sec. 
The influence of the loading time is relatively small ; 
full-load application can be reduced to 3 to 5 sec, in 
order to exclude the influence of vibrations, which are 
much more harmful. 


INFLUENCE OF RESOLVING POWER 


Owing to the error in the aperture of the microscope 
used, the values of the indentations read off are always 
too low. The error Ad depends on the wave length 4, the 
numerical aperture N, and the edge angle « of the 
indentation. According to Abbé, 

2cot («/2) 
Ad aN (7) 

Whilst the premises of eq. (7) are not strictly fulfilled, 
they have been confirmed with a number of objectives. 
Indentations with the usual dry objectives of medium 
and high power (N = 0-6 to 0-9) would read 0:3 to 0-6 u 
too low. Errors with conventional hardness-measuring 
microscopes, with N = 0-2 to 0-6, can reach values up to 
and above 1 u. As these values are in many instances 
50 to 100% of the corrections suggested for elastic 
recovery, the theory of elastic recovery is not sub- 
stantiated by experimental evidence. 


INFLUENCE OF SAMPLE PREPARATION 


The depth of the Vickers indentation is only 1/7 of 
the diagonal, and the depth of the zone influenced by the 
indentation is usually only 3 to 100 uv. If the thickness 
of the zone deformed by polishing exceeds a few microns, 
the smaller indentations suffer an increased reduction 
with reduced diagonal length. The log P/log d curves 
assume a shape similar to curve (3) in Fig. 1, even if 
there is no elastic recovery. Measurements on mechanic- 
ally polished samples cannot, therefore, be used to check 
the hypothesis of elastic recovery. 

The depth of the zone deformed by the mechanical 
polishing of ductile metals is surprisingly large and is 








46 eB 
z 
£ 42 
at 
—38 
2 | 
w 34) 
4 
5 | 
= 30 
= 
' 
re) 26 
O 
= ” Or 
18 RE eee er | 
0 I 2 3 4 5 6 7 8 9 0 Il 
INDENTATION DEPTH OF PYRAMID [x] 

0 10 20 30 40 50 60 70 

DEPTH OF ZONE INFLUENCED BY INDENTATION [uy] 
Fig. 2. Changes in surface hardness of pure aluminium 


after various metallographic polishing processes. 

(1) Emery powder on felt, 3 min. 

(2) Emery powder on felt, 10 min. 

(3) Emery powder on felt, 30 min. 

(4) Emery powder on felt, 30 min, plus Al,O, on felt, 60 min, 
and MgO on velvet, 30 min. 

(5) Mechanical polishing as in (4), plus electrolytic polishing. 

(6) Annealed and electrolytically polished, 


154 





te 


frequently underestimated. Schulze found that this 
depth is of the order of 0-1 y, but this is generally 
contradicted by data compiled by various authors. 
The influence of various polishing methods on the 
surface hardness of silver has been investigated by Raub. 
The great increase in hardness due to relatively mild 
metallographic polishing processes is surprising. This is 
supplemented by the author’s observations on a single 
crystal of 99-995% aluminium (Fig. 2). The correct 
treatment (curve 6) is annealing, followed by electrolytic 
polishing. 

LMP SEP > 


<=s . ie +a wv < 2 , 

Fig. 3. Micro-indentation in a sample of copper of varying 
grain size, with a constant load P of 13-6 gr. ( x 245) 
Whilst changes in the property of the surface are 

frequently explained by the presence of a Beilby layer, 

electron diffraction investigations by Raether showed 
that an amorphous surface layer does not exist. Polishing 
rather tends to cause a diminution in grain size ; conse- 
quently, the increase in hardness from mechanical 
polishing may not be due to the presence of internal 
stresses, but to a diminution in grain size. The author’s 
measurements on copper and iron of different grain size 
down to a few microns in diameter confirm a pronounced 
increase in hardness with grain diameters below a critical 
size. Fig.3 isan example of micro-hardness indentations 
made under constant load in a copper sample of varying 
grain size. A quantitative evaluation of such a test 
series shows that the hardness values with reduced grain 
size reach a saturation value which is independent of 
the indentation diagonal. This saturation value (equiva- 
lent to from 3 to 4 times the hardness of a single crystal) 
is in very good conformity with the ultimate value of 

Vickers hardness with increased cold working, according 

to Tabor. 

INFLUENCE OF STRUCTURE 
Thorough investigations on _ suitably prepared 

samples have shown that grain formations of any kind, 

such as precipitations, micro-diffusions, veining, stress 
concentrations, or blocked dislocations, basically cause 
the same bending of the log P/log d curves as an actual 
reduction in grain size. According to size, distribution, 
and possibly superposition of the different grain forma- 

tions and the size of the indentation, the log P/log d 

curves can assume manifold shapes. 

In a mechanically polished aluminium single crystal 
(99-995% Al), the magnitude of the coherent domains 
decreases uniformly towards the surface, whereas the 
core remains undisturbed. Thus, for smaller loads 
(lower indentation depth), the log P/log d curve should 
approach the asymptote with inclination n = 2 corres- 
ponding to the saturation value. For higher loads, the 
curve must have another asymptote, with n = 2 for the 
macro-hardness (dotted lines in Fig. 4a). The measured 
curve (full line) is in agreement with this. If it is desired 
to describe the results by eq. (5), it is necessary t0 
introduce the absolutely improbable elastic recovery of 


491.4 |” sana ata pains ey 


THE ENGINEERS’ DIGEST 






Fi 


elast 


Suita 
num 
dict 1 


does 
In th 
dente 
Tecov 
deter 
these 





APR 


this 
ally 
ors. 
the 
1ub. 
nild 
is is 
ngle 
rect 
lytic 








rying 
>) 


e are 
layer, 
owed 
shing 
onse- 
nical 
fernal 
thor’s 
n size 
anced 
ritical 
ations 
irying 
a test 
grain 
ent of 
juiva- 
rystal) 
lue of 
yrding 


pared 
kind, 
stress 
cause 
actual 








p I T a | // 
log” —.— measured values / | // 


direct measurements of the depth 
recovery of Vickers indentations, 
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: which they found to be 5 to 30% of 
Vf the indentation depth, depending on 

4, the material. The significance and 
f ia correctness of these statements will 





not be discussed here, as they have no 
bearing on the present problem. The 


Z: elastic recovery of the diagonal of 


Knoop indentations was measured by 





Tate by direct observation on glass 
during load and after removal of load. 
The measured amount of recovery of 
5 u would correspond to 1 y» for a 
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Vickers indentation ; such a conver- 
sion is, however, not directly per- 
missible, as the mechanism of inden- 
tation of the Knoop pyramid in 














05 10 iP) 20 10 125 
log d 
Fig. 4. 
shape of log P/log d curves. 
(a) Pure aluminium, polished with emery on felt for 2 min. 
(b) Al + 4% Cu, i 
of Al,Cu), electrolytically polished. 


c = 12, in order to satisfy the measured results (small 
dots). For lower loads this curve deviates considerably 
from the measured values. Furthermore, a sample of an 
aluminium alloy with an undisturbed surface (electro- 
lytically polished), but with uniformly distributed grain 
formation by precipitations (Fig. 4b), was tested. Here, 
as the average diameter of the coherent domains is 
constant and is considerably higher than the critical 
value, no saturation value as in Fig. 4a can be expected. 
The log P/log d curve must correspond for small loads 
to the straight line corresponding to the pure matrix 
material, whereas for increasing loads it must approach 
another straight line representing the heterogeneous 
condition. Fig. 4b confirms this assumption. In general, 
the same shape is obtained for all samples with a fine 
distribution of the coherent domains, for instance, for 
very fine-grained or strongly cold-worked samples. 
Owing to the small measuring range or to insufficient 
measuring accuracy, the double curvature disappears as 
a result of scatter. In practice, only the inflexional 
tangent, which has a relatively high n-value, is observed. 
This is in good agreement with the apparent increase in 
n with increasing degree of deformation, and with high 
n-values for fine-grained structures, as found by many 
observers. 

The above shows clearly that the hitherto neglected 
influence of the structure can simulate an apparent load 
dependency. Consequently, no general laws can be 
derived from measurements on samples without an 
accurate description of their structure. Such strict 
conditions do not, however, limit the practical applica- 
tion of micro-hardness. 


THE PROBLEM OF ELASTIC RECOVERY 


There is no doubt that a material contacted by an 
indenter is subjected to a reversible elastic deformation 
in addition to a permanent plastic deformation. Such 
clastic recovery has been measured directly in some 
instances. Thus, it appears reasonable to include in 
hypothetical derivations of the load dependency a 
suitable allowance for elastic recovery. However, 
Numerous experimental observations doubtless contra- 
dict this assumption. 

The theoretical presence of an elastic deformation 
does not yet satisfy the introduction of a recovery value 
in the relationship between load P and measured in- 
dentation diagonal d. For this it must be proved that the 
tecovery actually acts on the diagonal and must be 
determined by the measuring method applied. Both 
these conditions are not fulfilled in the Vickers test. 

Bischoff and Wenderott, as well as Bergsman, made 
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Influence of (a) mechanical polishing and (b) microstructure on the 


homogenised and normalised for 100 hr at 350° C (precipitation 


glass is different from that of the 
Vickers pyramid in metal crystals. 
Similar considerations are valid for 
measurements by Grodzinski on 
ruby, silicon carbide, and boron 
carbide with a double-cone diamond 
(with long edge). Bernhardt was able 
to measure and photograph Vickers 
indentations in soft metals at any time during their 
formation. A comparison of the indentations on alu- 
minium, photographed with a magnification of x 1260, 
did not reveal differences between the loaded and the 
unloaded condition, so that the amount of recovery must 
be below the limits of measurement, i.e., a few tenths of a 
micron. Further measurements were made with an 
indenter onto which ammonium chloride vapour was 
deposited. During penetration the film of ammonium 
chloride was removed, and the indentation diagonal 
could be measured on the diamond itself, as it was under 
load. Bischoff and Wenderott found, for loads under 
100 gr, a reduction in the size of the diagonal after the 
load had been removed of 0-8 to 2 uv for mild steel and 
0-1 to 0-7 » for martensite ; for higher loads, however, 
an increase of 10 to 50 uz for mild steel and from 1 to 10 u 
for martensite was noted. The non-uniformity of the 
results may be due to the rim-like formation around the 
indentation. Direct measurements cannot be made 
accurately. Indirect measurements to prove eq. (5) 
were made by Schulze, who determined the amount of 
recovery c as 0-2 to 1-5 u for steel and 4 u for copper and 
cold-worked aluminium. As the corrected diameter 
must follow Kick’s law, it should be possible to obtain for 
all loads a constant hardness value which, according to 
Schulze, should be equal to the macro-hardness. This 
contradicts the measurements of Bernhardt, as a recovery 
rate of 4 1 would mean a difference of 5 mm between the 
diagonals, whereas no difference was observed. Further- 
more, Schulze noted high values of c for soft metals, 
and these are not compatible with the low values of c 
obtained for hardened steel. These contradictions could 
be clarified only by a detailed check of the test conditions. 
All measurements were made on mechanically polished 
samples, the structure of which was not defined. Hence, 
all factors discussed above may have an influence, in- 
cluding the aperture error of 0-4y. (N = 0-7). 

In practice, log P/log d curves can be rectified approxi- 
mately in a certain load range by eq. (5). However, the 
hardness value obtained in this way approaches the true 
macro-hardness, except for a permissible tolerance, if the 
load range is suitably selected, particularly if it is 
sufficiently high. In practice, the required measuring 
range is not known in advance, and the maximum load 
is limited by the sample size. Whilst sometimes good 
approximate values have been obtained, in other 
instances erroneous values, particularly in the micro- 
hardness range, have been reported. 

The c-value is only constant in a restricted load 
range, as has been shown by a comprehensive series of 
tests.. A mechanically polished single crystal of pure 
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Fig. 5. (Top) Dependence of hardness value on load, for a 
sample o! hanically polished pure aluminium. 





Fig. 6. (Bottom) Dependence of hardness value on load, for 
a sample of annealed and electrolytically polished pure 
aluminium. 

(1) Uncorrected curve. 

(2) Corrected for load range 2-5 to 10 gr. 
(3) Corrected for load range i0 to 40 gr. 
(4) Corrected for load range 30 to 120 gr. 


FRANCE 


aluminium was tested under loads from 2-5 to 120 gr, 
The dotted curve in Fig. 5 shows the hardness value 
in dependency to load. For each of the three load ranges 
(2:5 to 10 gr, 10 to 40 gr, and 30 to 120 gr) the c-value 
was determined according to Schulze, so that the hard- 
ness values, determined by d’ = d + c, became almost 
constant for the given load range. This was possible in 
each load range with sufficient accuracy, but it was not 
possible to rectify the entire curve. The c-values 
(1-6, 4-4, and 13-8 uw) and the apparent macro-hardness 
values (24:5, 20-6, and 15 kg/mm 2) therefore depend 
largely on the selected load range. 

The question still arises as to whether the less 
pronounced load dependency of non-deformed pure 
crystals can be explained by eq. (5). A stress-free 
annealed single crystal of pure aluminium was electro- 
lytically polished and tested under loads of 2:5 to 120 gr 
(N = 1:30, magnification = x 1000, 10 indentations per 
load). The same method of rectification as that used above 
was applied (Fig. 6). Here again the c-values (0-7, 1:7 
and 9) and the apparent macro-hardness values (21-5, 20, 
and 15:5 kg/mm2) depend largely on the load range. 
From this it can be concluded that eq. (5) has no general 
validity, but is a purely empirical approximation of 
variable reliability. 

In addition, indentations of 3:5 to 10 wu diagonal 
length were made in molybdenum carbide (non-porous 
(0001) plane) and measured under the microscope 

1-3, magnification = x 1000). Subsequently, six 
groups of indentations, from 1 to 3-5 » diagonal length, 
were measured with the electron microscope at a magni- 
fication of 18,000. These measurements were so 
considerably outside the range of curves satisfying eq. (5) 
that the validity of this equation could safely be excluded, 


(Continued on page 165) 


Age-Hardening of 4% Cu-Al Alloys 


By A. SAULNIER. (From Revue de I’ Aluminium, Vol. 32, No. 217, January 1955, pp. 41-46, 6 illustrations.) 


LIGHT alloys of the duralumin type are soft when 
quenched from about 500° C, but gradually harden 
during ageing at room or elevated temperatures up to 
200° C. After reaching a maximum, hardness decreases 
during further treatment, finally reaching the value of 
the slowly cooled or annealed material (Fig. 1). 
Numerous investigations into the fundamental pheno- 
mena underlying these changes, notably in very pure 
alloys of 4% copper in aluminium, have been made 
by micrography!, X-ray studies2, and _ electron 
microscopy. 3> 4 

Up to 1950, theory assumed that, in the first stage of 
these changes, the supersaturated, quenched solid 
solution of copper atoms in the aluminium remained 
more or less homogeneous; plane aggregations of 
copper atoms first collect at nodal points in the crystal 
lattice (so-called Guinier-Preston zones 1) and cause a 
spread of X-ray points into lines; a superstructure 
then develops in the lattice (Guinier-Preston zones 2) 
and is indicated in X-ray photographs by a broadening 
of the “lines” into diffused spots. Thereafter, an 
intermediate phase 6’ of different orientation appears, 
and can be observed under the optical microscope. 
Finally, the equilibrium phase 6 of the annealed material 
can be seen. 

Observations with the electron microscope, however, 
show that there exists a real precipitation of a different 
phase right from the commencement of the ageing 
process and, at present, the following interpretation 
of the phenomena can be given :—The supersaturated 
homogeneous solid solution resulting from the quench 
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will already contain fluctuations in a concentration 
sufficiently rich in dissolved atoms and _ sufficiently 
numerous to form nuclei of precipitation of the size of, 
say, several hundred atoms. These potential nuclei 
exist, even without the necessity for migration or 
regrouping of atoms. The first appearance of ageing 
is manifested by groups of Al and Cu atoms in suitable 
concentration leaving the lattice of the matrix, thereby 
gaining in stability and forming effective nuclei of 
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Fig. 4. Oxide replica; @’ predominant, with contours of 


sub-grains. (x 20,000 


precipitation. Obviously, the structure of these effective 
nuclei must remain very similar to that of the matrix 
and will be very imperfect; the resulting structural 
irregularity gives rise to the spread of X-ray points into 
lines. Precipitation then evolves in the usual way :— 
Some precipitates re-dissolve, while others, more 
stable, grow by diffusion and gradually acquire a more 
distinct structure, which can be identified under the 
electron microscope and may be designated as 06”; 
this stage corresponds to the broadening of the X-ray 
“lines” into diffused spots. The phase 6’ appears 
well before the alloy reaches maximum hardness and 
occurs first in regions of high internal energy (grain 
boundaries and sub-boundaries), and then inside the 
grains hardened by the preceding precipitation of 6”. 
In both cases, the appearance of 0’ leads to a relaxation 
of stresses by reorganisation (recrystallisation) of the 
Matrix, and when 0’ starts to predominate, the material 
enters the softening stage. Hence, it may be said that 0’ 
has a softening effect wherever it appears locally ; the 
general form of the hardening curve with time and 
temperature of the ageing treatment may be explained 
by interaction of the hardening effect of 6’-precipitation 
and the softening effect connected with the appearance 
of 6’. Evidence of this is afforded by photographs of 
Oxide replicas made with the electron microscope (Figs. 
2to 5). The ageing treatment ends with the appear- 
ance of the equilibrium phase 6, and the entire ageing 
process may be characterised by the sequence 
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Fig. 3. Oxide replica; 6” and 0’ phases, with 0’ surrounded 
by recrystallised zones. (x20, 


Fig. 5. Grain boundary of two adjacent grains in different 
stages of evolution. (x20, 


Imperfect 6” —> 6” > 0’ > 0. 


This modern interpretation is consistent with the 
results obtained by dilatometry: An initial volume 
contraction is bound up with the appearance of effective 
nuclei of 6”, without diffusion or reorganisation of the 
matrix, from the fluctuations of concentration in the 
quenched solid solution. Diffusion of copper atoms from 
the matrix then leads to an increase in volume, counter- 
balancing the initial contraction. The discontinuities 
of the hardening curve in Fig. 1 have led several authors 
to postulate the existence of two different structural 
phases during the hardening process ; however, these 
irregularities can be correlated equally well with 
accompanying phenomena in the solid solution, such 
as changes in volume by diffusion, local work-hardening 
and recrystallisation, and precipitation in discontinuities 
of the crystals. Thus, the initial phase may justifiably 
be regarded as a nucleation of 6”, which is followed by a 
growth of 6’-precipitation, both contributing to the 
hardening of the metal, whereas the appearance of 6’ 
first softens the affected localities and then the material 
in general. 
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Production of Tube Circuits 


THE process originally developed by the Olin Mathieson 
Chemical Corporation, of New York, has apparently 
proved so successful in the refrigeration industry that 
the Company has initiated construction of a new plant 
to put the process on a mass-production basis for other 
industries. This process, a new application of roll 
bonding, makes it possible to create any pattern of 
tubing, however intricate, within a single homogeneous 
sheet of metal. Any pattern which can be drawn on a 
piece of paper can be reproduced as tubing within the 
sheet, including complicated parallel or multiple tubes 
running at right angles in two or more layers. Further- 
more, the tubes so produced cannot develop leaks. 
The process has already been proved commercially 
in the refrigeration industry, where it has been stated to 
reduce retooling costs for new evaporator plates to no 
less than one-thousandth of the previous costs, to cut 
retooling time from the normal six months to one week, 
to lower end-product and production costs, and to 
increase the efficiency of the plates themselves by more 
than 25%. In this connection, during the past 18 


months, Olin Mathieson have been producing roll- 
bonded evaporator plates for a major refrigerator 
manufacturer, and more than 250,000 are already in use 
in the U.S.A. 





; * 
plate with a stop-weld 






Fig. 1. Silk-scr ing of al 
pattern. 

The method employed for the manufacture of 
refrigerator evaporator plates by the roll-bond process 
is as follows :— 

Two flat pieces of aluminium or copper are cut to size 
and cleaned. Using a silk-screen process (Fig. 1), the 
pattern to become tubing and other passages is applied 
to one of the flat sheets. The “ paint ” used to apply the 
pattern is a stop-weld material which prevents a surface 
painted with it from bonding to another piece of metal 
under heat and pressure, and is squeegeed onto the 
metal by a rubber roller. The two sheets are placed face 
to face to form a metal “‘ sandwich.” These are spot- 
welded to keep them together in the proper relative 
positions. 





158 









Fig. 2. Finished evaporator (right) with the original pattern (left), showing elongation produced by rolling. 


by the Roll-Bond Process 





Fig. 3. Evaporator plate immediately after inflation. 


The sandwich is then heated and rolled. The first 
hot rolling produces a complete bond. Subsequent 
cold rollings reduce the now homogeneous sheet of 
metal to proper thickness. Rolling operations elongate 
the pattern several times, as shown in Fig. 2. The key 
to the success of the operation, then, is to pre-plan a 
silk-screen pattern, which, when elongated, will result 
in perfectly proportioned patterns. After roll bonding, 
the fused material is annealed. Everything bonds except 
the area where the stop-weld pattern has been applied. 
After annealing, one end of the now elongated metal 
plate is trimmed. This bares the lead-in end of the 
stop-welded pattern. A hollow needle is then inserted 
into the bared end of the stop-welded pattern, after which 
the bonded plate is placed in a press, and hydraulic 
pressure is then applied to inflate the non-welded design 
(Fig. 3). Areas where stop-welding has been applied 
thus become passages which are an integral part of the 
material. Finally, these passages are flushed out and 
cleaned to remove the stop-weld, and are thoroughly 
dried internally. The result is a labyrinth of dilated 
passages which correspond exactly to  blue-print 
specifications. 

Since the sheet and tube are homogeneous, they 
provide maximum heat conductivity, in contrast with 
old methods of brazing or soldering pipes to an 
evaporator plate, which create air spaces between tube 
and plate. The bond of metal is as strong as the original 
metal, and there is absolute fusion of the metal. 
In this connection, tensile tests under extreme pressure 
have established the strength of the bond ; when pres- 
sures are increased to breaking point, it is the tube which 
ruptures, never the bond. 

With the new process, it is now possible to build the 
header or accumulator right into the design. This 
eliminates the cost of a separate attachment and the 
necessary brazed and stop-welded bonds. The eva- 
porator back, as well as a secondary circuit plate, can be 


(Concluded on page 142) 
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HOLLAND 


Heat Transfer in Film Evaporators 


By H. Kramers, A. E. F. vAN CAPPELLE, and E. E. VAN DER SCHRAAF. 


(From De Ingenieur, Vol. 67, No. 8, 


February 25, 1955, pp. Ch. 9-Ch. 15, 8 illustrations.) 
This article first reviews various types of film evaporators and their respective advantages and limita- 


tions. 


The heat-transfer coefficient of a Miiller evaporator is then evaluated on the basis of test results 
and the mechanism of film evaporation is considered in detail. 


Finally, tabulated values are given of 


temperature differences, Reynolds numbers, and heat-transfer parameters obtained with a Miller 


evaporator. 


In film evaporators, evaporation takes place in a thin 
layer of liquid flowing over a heated surface. Film 
evaporators are classified into the following three main 
types, according to the way in which the film is produced 
and removed from the evaporator unit :— 

(1) Falling-film evaporators:—The liquid flows 
downwards under the influence of gravity, generally 
along the wall of a tube which is heated on the other 
side by condensing steam or dowtherm. In multi-tube 
evaporators, the liquid is led in at the top of the 
evaporator and passes through perforated plates or 
split plate sections, which distribute it over the tubes. 
The vapour is also removed as a concentrate at the 
bottom end of the tubes. In another type, a rotary 
distributing head is used: the liquid enters the head 
through a central tube connected with a number of 
radial tubes or passages, through which the liquid is 
projected onto the inner surface of the single-tube 
evaporator. With this arrangement, the vapour can be 
removed at the upper end. 





Fig. 1. ‘The Miller film evaporator. 


(2) Rising-film evaporators:—The liquid is heated 
while it is below the tubes, which are fairly long relative 
to the height of the liquid level in the evaporator unit. 
This heating takes place with low heat-transfer co- 
efficients. Vapour bubbles are formed on the tubes and 
these bubbles, in their upward movement, entrain 
liquid ; at this stage, a high heat-transfer coefficient is 
obtained. Further up the tubes, the relative volume of 
the vapour and the vapour velocity can reach such high 
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Further data on a falling-film type of evaporator are also included. 


values that the entrained liquid is then projected onto 
the wall and ascends even higher with the rising vapour, 
so that a rising film is obtained. The heat-transfer 
coefficient achieved is of the same order of magnitude 
as with actual boiling. 


(3) “‘ Forced-film”  evaporators:—The film is 
produced by rotating vanes which project the liquid 
against the wall. The Miiller evaporator (Fig. 1) is of 
this type, and its vanes, which extend vertically 
downwards, occupy practically the full length of the 
evaporator tube. For completeness, this category also 
includes designs in which the film is sprayed onto a 
rapidly rotating disc. 


ADVANTAGES AND LIMITATIONS OF FILM EVAPORATORS 


The principal advantages of film evaporators may 
be summed up as follows, primary consideration being 
given to the Miller evaporator :— 

(a) The liquid to be evaporated or concentrated is in 
contact with the heated surface for only a very short 
time. This is an important advantage when dealing with 
temperature-sensitive substances. 

(b) There is no rise in boiling point from hydrostatic 
pressure. This is also favourable for temperature- 
sensitive substances and for operation at low pressures. 

(c) Compared with other evaporators, there is less 
superheating on the wall. 

(d) As a result of (b) and (c), wall temperatures are 
lower than with normal evaporation under similar 
conditions ; hence, there is less corrosion. The relatively 
low liquid velocities in film evaporators are also favour- 
able in this respect. 

(e) According to Kelly}, film evaporators also lead to 
a reduction in the formation of undesirable deposits. It 
should be possible to substantiate this statement by 
comparative tests. 

(f) Film evaporators (and particularly the Miiller 
evaporator) are mechanically straightforward designs. 

(g) Owing to the comparatively small amount of 
liquid in the film, film evaporators can be put into 
operation with little loss of time. 

(h) With the Miiller evaporator, any foam formed is 
broken up by the rotor, which also throws back into the 
film any liquid particles separated during evaporation. 

(i) Film evaporators (and particularly the Miiller 
evaporator) are also suitable for highly viscous fluids. 

On the other hand, the limitations of film evaporators 
may be summarised as follows :— 

(a) If sclid particles are included in the feed, the 
distribution of the film on the wall may be altered. This 
is not a serious factor if the film is spread mechanically. 
However, solid impurities may damage the rotor bearings. 

(b) Owing to the small liquid content relative to the 
heated surface area, stagnation in the feed will rapidly 
lead to the formation of dry vapour, with deposition 
and/or separation as a result. In the Miiller evaporator, 
this may also result in rotor seizure. 

(c) At low specific liquid throughputs, a vertical 
wall is moistened only over a portion of its surface. 
This is a disadvantage where it is required to obtain a 
stronger concentration in an apparatus with a constant 
peripherally heated surface. 

(d) Film evaporators, for a given volume, usually 
have a lower evaporating capacity than tube evaporators. 

(e) Forced-film evaporators have a relatively high 
initial cost and are expensive to maintain. 
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PRACTICAL APPLICATIONS 


The most important application of film evaporators 
is in the treatment of thermally unstable substances. 
Usually, the temperature-sensitive material is situated 
in the concentrate, but it may also be contained in the 
vapour to be separated. In some cases, moreover, it 
may be necessary to deal with substances which, as a 
result of separation, produce other substances with 
corrosive properties. Film evaporation can then be 
arranged so as to safeguard the evaporator itself. An 
example is the evaporation of magnesium chloride 
solutions, from which hydrochloric acid may be evolved. 

The drying of temperature-sensitive substances 
offers wide possibilities, e.g., in the dehydration of 
glycerine for candle manufacture. Film evaporation is 
also employed for the deodorisation of oils and fats. 
Furthermore, rapid evaporation at low temperatures can 
occur without sterilisation of the solution. Where, 
however, this is required, the vapour can be heated to a 
higher temperature, although this may result in separa- 
tion of its constituents. The use of preserving agents 
may prevent this effect. Finally, it may be noted that 
film evaporation can be used for concentrating solutions 
of substances, giving rise to resin formation (poly- 
merisation) when subjected to high temperature over a 
sufficiently long period. 


ToTAL HEAT-TRANSFER COEFFICIENT OF EVAPORATION 

IN THE MULLER EVAPORATOR 

A schematic diagram of an installation with a 
Miiller evaporator and auxiliary equipment is shown in 
Fig. 2. The liquid from the feed vessels is passed 
through a preheater, where its temperature is raised to 
the boiling point at the pressure prevailing in the 
evaporator. The concentrate or residue collects at the 
bottom of the evaporator and can be removed by means 
of a gear pump. The vapour is obtained in condensed 
form and its amount is measured. Means are also 
provided for indicating pressure and temperature on 
the steam side, as well as in the evaporation chamber. 
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Fig. 2. Schematic test layout of an installation with a 


Miiller evaporator and auxiliary equipment. 


The Miiller evaporator used is made of stainless 
steel, with a wall thickness of 2 mm and an inner 
diameter of 98 mm. The height of the heated tube 
portion is 645 mm, corresponding to a heated surface 
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area of 0:20 m2. The clearance between the vanes and 
the wall is from 1 to 3 mm, and the normal rotor speed 
is 600 rpm. 

The mean heat flux ®,,” [watts/m2] can be calculated 
from the measured flow of condensate. As the values 
of the steam temperature rs and boiling point rz are 
determined by measurement, the mean value of the 
overall heat-transfer coefficient U [watts/°C m2] can be 
evaluated from , 

U = Py"/(ts — tr) ie ats (1) 


The mean film coefficient of heat transfer «f is then 
obtainable from the relation 
1 1 1 dy 
oR 2 sox 4) 
where dw = thickness of heat-conductive wall (2 mm) ; 
Aw = thermal conductivity of the wall (16 ) watts/m’ '), 
so that Aw/dw = 8000 W/m? °C ; and a, = mean heat- 
transfer coefficient for condensation on the steam side, 
calculated on the assumption that the condensate flows 
down as a laminar film, using a relation given by 
McAdams? and other investigators. This relation 
determines «, from the flow of condensate produced, 
which follows from ®,,”, in the tests considered, the 
value of «, varied between 8000 and 20,000 W/m2 °C. 
Having determined «, it is also possible to calculate the 
wall temperature t,¢ on the evaporation side from 

Dy” = af (twf — tr) si6 Ne (3) 
The uncertainty in the values of ®,,” and U is not greater 
than 5%, but for the derived quantities it can amount to 
23% 

The evaporation tests were carried out with water, 
toluene, raw-sugar solutions, a solution of 10%, by weight 
of glycerine in water, and an azeotropic mixture of water 
and propionic acid (81:3% by weight of water). This 
latter solution has approximately the same properties as 
water but foams much more on boiling. The vapour 
pressure varied between 0-1 and 1 atm in the individual 
tests. The feed in most cases was between 0-01 and 
0:06 kg/sec (i.e., about 40 to 250 litres/hr) and values 
of ts; — te were between 10° and 50° C. The results 
obtained for ®,,” at normal pressure are plotted against 
the total temperature difference t; — tz in Fig. 3. It 
will be seen that the relation between My” and ts — tp 
is approximately linear. It was thus possible to deter- 
mine the following U-values [W/m2 °C] for the overall 
heat-transfer coefficient :—Water 2200; toluene 870; 
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Fig.3. Graph of ©.” plotted against t, —1;, for various liquids. 
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sugar solution 3000 ; water with 10% glycerine 2000 ; 
and water/propionic acid 3000. 

The value for water is in good agreement with that 
obtained by Hauschild? using a Miiller evaporator, i.e., 
2300 W/m? °C, and corresponds to a specific evaporation 
of about 70 kg/m? hr for water with a total temperature 
difference of 20° C, and 180 kg/m? hr with a temperature 
difference of 50° C. Similar figures were found by 
Heertjes and his collaborators.* 

It is rather remarkable at first sight that the value 
of U is not affected by the throughput (at least, when 
the liquid is supplied at boiling temperature) or by the 
temperature difference. In normal boiling, the tempera- 
ture difference between wall and liquid always has a 
marked influence on the heat-transfer coefficient. 

Conditions at the boiling-point threshold are not 
fully taken into account in the value of U, in particular, 
the thermal resistivities (i.e., the reciprocals of con- 
ductivities) of the condensing steam and of the wall. 
These together constitute about 20 to 50% of the total 
thermal resistance 1/U. In the following, therefore, it will 
be necessary to consider again the mean film coefficient of 
heat transfer «¢ which was used to evaluate the experi- 
mental results and which was obtained from eq. (2). 


THE MECHANISM OF FILM EVAPORATION 


It should be possible to consider as follows the 
evaporation of liquid from a layer flowing down a 
vertical wall which is heated to the boiling point of the 
liquid at its upper end:—Under the influence of 
gravity, the liquid flows under laminar-flow conditions 
and has a film thickness 5. The wall has a temperature 
tyf and the liquid surface has a temperature tz, in 
accordance with equilibrium conditions under the 
prevailing pressure. As no vapour bubbles can be 
formed through superheating in the superheated liquid, 
evaporation can take place only on the surface. The 
heat flux required for this purpose is obtained solely 
through conduction from the wall to the surface of the 
liquid. Therefore, it can be determined as 

Dy” = i (tuf — tr)/8 «.- ere (4) 
where 2% is the thermal conductivity of the liquid 
[W/m°C]. 

For a film flowing vertically downwards under 
laminar conditions, it can be shown that the following 
relation is valid :— 

8 = (34 T'/p2g)1/3 si ee (5) 
where 7 = viscosity of the liquid [Newton-sec/m2]*, 
e = density of the liquid [kg/m3], g = acceleration due 
to gravity [m/sec2], and I’ = liquid throughput per unit 
width of the wall [kg/m sec]. 

Combining eqs. (5), (4), and (3), in accordance with 
the considerations on heat transfer indicated ahove, 
the following relations apply :— 

afd3/2 = 1, or (a¢/A)r1/3 = 0-69, 

where r= 7 'm/e2g.  .... : (6) 

In this formula, use is made of a mean liquid throughput 

I'm, because, owing to evaporation, the flow of liquid 

decreases from top to bottom. Moreover, all the 

physical quantities used should be taken at the mean 
temperature of the film. 

The theoretically constant value of 0-69 is still only 
an approximation, as can be seen from the experimental 
points plotted in Fig. 4. In this figure, the non- 
dimensional quantity («/2) r1/3 is plotted, for 1 atm, 
against (twf — tk), which is the temperature difference 
across the film, for various liquid throughputs charac- 
terised by the mean Reynolds number of the film, i.e., 

Reg = 41 'm/0. 
These results are for the evaporation of water at one 
atmosphere. They show that for small Reynolds 
numbers the value of af is adequately determined by 
assuming heat transport due to conduction through a 








*1 Newton = 1 joule/metre = 0-102 kg. 
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Fig. 4. Non-dimensional heat-transfer parameter («;/A)r'/* 
plotted against temperature difference t;-t%, for various 
liquid throughputs. 
falling film of liquid. A rise in liquid throughput 
results in an improvement in heat transfer. This can be 
attributed to the formation of ripples on the surface and 
also to turbulence of the film for Reynolds numbers 
above 1000. 

At low liquid throughputs (600 < Res < 1000), 
the temperature difference across the film (and hence 
the superheating of the liquid) has little influence on the 
heat-transfer coefficient. The influence becomes some- 
what more apparent with higher Reynolds numbers. 

From these results it is evident that boiling conditions 
are of great importance for heat transfer in the evapora- 
tion of a film of water. Most of the evaporation occurs 
through surface evaporation of the film. This is certainly 
the case for the liquid throughputs employed in practice 
(600 < Reg < 1000). In fact, it is found that at greater 
loads the degree of concentration, i.e., the fraction of the 
feed which is evaporated, is too small with film 
evaporators used in technical applications. 

Vapour bubbles are also formed in the falling film 
but promote turbulence to a much lesser degree than in 
ordinary boiling. Moreover, where bubbles are present, 
the heat transmitted by a pertion of the wall may be 
reduced. At low liquid throughputs and with intensive 
evaporation the bubbles may be responsible for part 
of the wall running dry (Ref < 500). Moreover, at 
these low liquid velocities it is always found that the 
heat-transfer coefficients are much too low. 

As regards the rotor, in the Miller evaporator it is 
very probable that, at least in respect of water evapora- 
tion, the rotor has no influence on the evaporation 
velocity. The thickness of the liquid layer is a few 
tenths of a millimetre and the mean distance from the 
rotor to the wall amounts to a few millimetres. In 
tests, in which the rotor speed was varied from 200 to 
1000 rpm, no change in heat transfer was observed. 

Further test results are given in Table I. The scatter 
in the «s-values is appreciable, owing to the uncertainty 
of the corrections applied to the measured values of U 
in order to evaluate «¢. The influence of flow conditions 
and temperature difference on the parameter r of eq. 
(6) is in most cases so small that the mean values are 
adequate. About 80% of the observations are situated 
within the limits of the values given in Table I. 

From this table, it can be seen that a film of water 
mainly gives surface evaporation, even at lower pressures. 
This is also the case with the water/glycerine mixture. 
For toluene, however, a slight boiling effect is noticeable 
at higher temperature differences. A remarkable fact is 
that the mixture of water and propionic acid, and the 
sugar solutions show a_heat-transfer coefficient 
approximately three times greater than that which 
would be expected as a result of surface evaporation. 
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Fig. 5. Evaporation of water film, with [ = 0-13 kg/m sec, 
and ts—t~% = 33°C, 


Both types of liquids are foam-forming and produce 
many small bubbles during boiling. At first, it was 
thought that the increased heat transfer might be due 
to the influence of the rotor on the foam, but tests at 
various rotor speeds made this hypothesis improbable. 
Presumably, the ease with which these foaming sub- 
stances can boil promotes turbulence in the falling film. 


TABLE I, HEAT-TRANSFER VALUES IN A FILM EVAPORATOR. 




















ay | Pressure, | twe—try | 
Liquid | atm 2 | Rey (az/A) rts 
| 4 | 12-18 | 800-1300 | 0-8+0-1 
—_— | 0-7 | 7-10 | 600-1200 | 0-740-1 
| 0-4 | 15-20 | 600-1000 | 0:8 
| 0-1 30-35 | 600-800 | 0-7 
Water and 10% | 1 | 7-14 | 400-600 | 0-6+0-1 
glycerine i | 7-14 | 800-2400 | 0-8+0-1 
| 1 . eo 500-1200 0:740°1 
| 5 | 15-35 1400 | 1-2+0-1 
Toluene | 0-2 | 20-30 | 600-1200 | 1-040-2 
| 0-1 30-40 | 200-600 | 0-6+0-1 
Azeotropic mixture | 
of water and pro- | 1 } 5-10 | 500-1500 | 2+1 
pionic acid (18%) | | 
10% 1 | 5-10 | 700-1200 | 1-94+0-4 
10% 0-6 5-14 | 600-1200 | 1-8+0-4 
Sugar solution 10%, 0-25 | 12-25 | 400-900 | 1-7+0°5 
(approx.) 14% 1 if 1260 1:9 
20% 1 7 1150 1:8 
27% 1 540 2:3 
38% 1 7 \_ 3410) 2:6 








From these various tests, the following conclusions 
can be drawn :—(a) The function of the rotor in the 
Miiller evaporator is to generate the liquid film, to 
catch and redistribute splashes, and possibly also 
to break up foam ; (b) in the evaporation of non-foaming 
liquids, the boiling phenomenon has little influence on 
heat transfer. Therefore, there should perhaps be less 
deposition in certain cases than in a normal evaporator ; 
(c) in the evaporation of foaming liquids, the thermal 
resistivity is appreciably smaller than would be expected 
with pure surface evaporation; and (d) it is very 
probable that the heating surface during evaporation 
runs dry when the liquid throughput becomes less than 
approximately 0-03 kg/m sec. 


OBSERVATIONS ON A FALLING-FILM EVAPORATOR 

In order to verify some of the above conclusions, a 
small film evaporator was made, in which the liquid to be 
evaporated flowed down along a cylindrical stainless-steel 
tube of 20 mm diameter and 350 mm height. Heat 
was supplied by steam passing inside this tube. The 
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m azeotropic mixture of water and 
0°13 kg/m sec and ts—t, = 33°C, 


i ~ 
Fig. 6. Evaporation of 
propionic acid, with 


a 





Fig. 7. Evaporation of toluene, with I’ = 0:12 kg/m sec and 
ts—te = 24°C. 

evaporation space was surrounded by a glass tube, to 

permit direct observation of boiling phenomena. 

The measurements so far obtained showed lower 
heat-transfer coefficients than for the Miiller evaporator 
under similar conditions ; this can be explained by the 
fact that, in this set-up, it was not possible to supply the 
feed at the full boiling temperature. It was again found 
that the «s-values of the azeotropic mixture of water and 
propionic acid were much higher than those for water. 
This finding is therefore valid, irrespective of whether 
film evaporation occurs with or without mechanical 
aids. It may also be noted that, with a temperature 
difference of 8° to 25° C across the water film, the 
quantity of water splashed was between one-quarter 
and three-quarters of the quantity evaporated. 

Photographs of evaporating liquid layers taken with 
an exposure of about 1/700 sec are shown in Figs. 5, 6, 
and 7. 
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British Industrial Developments 





Frequency-Stabiliser Plants for Industry 


For many laboratory and industrial processes the 
frequency variation of the public supply mains is often 
more than can be tolerated, especially in those more 
remote places abroad which may have diesel generating 
sets Or power stations with no special frequency control. 
Frequency variations, even in Great Britain, are more 
than can be permitted for the supervisory equipment of 
certain chemical and metallurgical processes, of radar 
and gyro apparatus, and for the operation of telegraph 
instruments by synchronous motors. 

In such cases, the apparatus requiring a more ac- 
curate frequency than is obtained from the supply 
available can be operated from a motor alternator of a 
type designed and manufactured by Walter Jones & Co. 
(Engineers) Ltd., of Sydenham, London, who have 
specialised in the development of apparatus to meet 
industrial requirements in this field. Such apparatus 
comprises a motor alternator, the motor of which is 
suitable for delivering its full load under the extreme 
conditions of frequency and voltage variation of the 
available supply, and an alternator designed to give the 
required frequency. The alternator is either of the 
self-regulating type or one with a separate exciter and 
automatic voltage regulator. The motor and the 
alternator are coupled through a variable-ratio gear, the 
ratio of which is changed in accordance with the error of 
the alternator frequency in such a way that, with an 
increase in the alternator frequency, the error serves to 
reduce the transmission speed of the variable-ratio gear. 





Fig. 1. 


The provision of a standard frequency and the 
means of comparing the alternator output frequency 
with the standard takes place in the Walter Jones 
machine shown in Fig. 1. This machine comprises a 
self-excited synchronous a.c. motor which produces a 
Totation in step with the generated frequency of the 
main alternator; a constant-speed standard; and a 
differential gear situated between these two units, with 
an output shaft which passes through the hollow shaft 
of the synchronous slave motor. 

The speed standard is an accurately constructed d.c. 
governed motor which operates from a rectified a.c. 
supply. Its standard of reference results from the 
centrifugal and gravitational forces acting on a cantilever 
spring fixed near the outer periphery of the governor 
disc, seen on the left of Fig. 1. One contact, situated 
at the free end of the spring, closes with another contact 
fitted to the governor disc itself. The latter contact 
is adjustable in its radius of rotation by means of a 
fine-thread screw and scale, and constitutes the means 
of setting the speed calibration. The resultant of the 
centrifugal and gravitational forces acting on the spring 
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throughout one revolution ensures the closure of the 
contacts once per revolution, whilst the governor is 
controlling the machine speed. Beyond this range the 
contacts are opened for the whole period when the speed 
is approaching the lower limit, and closed as it approaches 
the higher speed limit. The control between these two 
limits is thus infinitely fine, as in the Tyrrell voltage 
regulator. A simple amplifier, in which the contacts 
of the governor control the grid potential of a beam 
tetrode valve supplying the motor field current, adjusts 
its magnitude to maintain speed accuracy in spite of 
load, temperature, and input-voltage variations. The 
governor has a very low temperature coefficient. The 
contacts are of precious metal and have an almost 
indefinite life. The type of variable-ratio gear used is the 
Kopp patent gear, in which the gear ratio is modified by 
the tilting of the axis of rotation of a series of concentric- 
ally hardened steel spheres. 

This constant rotation is used as a speed/frequency 
standard, accurate to approximately + 1 part per 
thousand for very long periods without attention. The 
available output from these two motors, the speed 
standard of the slave motor, is such that the excess 
torque, when one motor is operating at a different speed 
relative to the other, is sufficient to operate a ratio- 
changing shaft of the variable-ratio gear via a worm 
reduction gear. 

During steady-state operation of a plant of this type, 
the speeds of the alternator and the standard machine 
operate in synchronism. The speed of response to 
transient conditions is such that the output frequency is 


a 





Fig. 2. 


corrected for rates of change of input frequency much 
more rapidly than is likely to be encountered in practice. 

The set compensates for an input frequency change 
of up to 1 cps per minute with a 50-cps supply, which is 
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found [to be more than double the fastest rate of 
frequency change likely to be encountered. 

The second transient condition to be considered is 
that resulting from sudden load changes. When the 
driving motor is of the asynchronous induction type, 
sudden load change causes a sudden change in slip, and 
this must be corrected by the automatic correction equip- 
ment. To restore complete correction requires approxi- 
mately 20 sec, with about 80% of the correction occur- 
ring in 50% of this time. This use of induction-motor 
drives is restricted to cases where sudden load changes 
of not more than about 15% of the output power occur. 
In cases where a large proportion of the output power has 
to be switched on and off, synchronous induction-motor 
drives are used, and the automatic frequency control 
must then correct for input-frequency errors only. 

One such Walter Jones set gives an output of 4 kVA, 
415 V, 50 cps, with a steady-state error of + 1 part per 
1000 from a 50-cps, 415 V supply, the frequency of 
which varies + 10%, and the voltage + 15%. The motor 
is of the induction type and the alternator of a self- 
regulating type, giving voltage accuracy of + 3% full 
load to no load. The set illustrated in Fig. 2 accepts 
415 V, 3-phase, 50 cps, varying as above, and gives a 
stabilised output of 115 V, 3-phase, 400 cps, 2 kVA, 
with frequency correct to + 1 part per 1000, during 
steady-state operation. The control panel shown con- 
tains the star-delta starter for the induction motor, the 
field circuit amplifier of the standard motor, and below, 
the electronic voltage regulator for the 400-cycle 
alternator. 

In the conversion of a variable 50-cycle supply to a 
constant 60-cycle supply, and where the output voltage 
can be a substantially fixed ratio, compared with the 
input voltage, the frequency conversion takes place in a 
frequency converter constructed in the same way as a 
wound-rotor induction motor, where the rotor is 
driven through the variable-speed gear at the different 
speed. 

The same type of frequency comparator device as 
that shown in Fig. 1 may be used to effect control of 
gear units transmitting up to 100 hp, or it may be used 
to operate other control devices, such as variable 
resistances, variable-ratio transformers, or the fuel supply 
to prime movers. 


Chipbreaking Drills 


Existing methods of chip control usually have serious 
limitations in that only the width of the chip is reduced 
by interruptions in the cutting edge. The length of 
the chip is not effected in any way, and the resultant 
weakening of the cutting edges has restricted develop- 
ment of the principle. However, with the Speedicut 
“‘ Chipbreaker ” drill, developed and manufactured 
exclusively by Firth Brown Tools Limited, of Sheffield, 
the chip is severed from the workpiece along the full 
length of the cutting edges and slides down the face of 
the flute towards the chipbreaker rib. This rib is 
specially designed to impart a tight curling action to the 
chip and, with the cutting edges inclined at an angle to 
the chipbreaker rib, a shearing action is also imposed. 
The combination of these two factors provides controlled 
breaking of the chips, as shown in Fig. 3. 

The addition of the chipbreaker rib gives increased 
strength of section, without detracting from the normal 
amount of flute space; thus, the drill becomes more 
rigid in operation—a desirable feature in any cutting 
tool. Where conditions do not permit chipbreaking, 
this increased rigidity has shown a marked increase in 
the number of holes obtained per regrind. Naturally, 
chipbreaking cannot be provided for all materials and 
feed rates. Drilling at fine feeds per revolution on low 
tensile materials produces thin chips of high ductility 
which are passed along the flutes as a straight chip. 
When correctly point-ground, ensuring cutting edges 
of equal length and constant clearance, effective chip- 
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breaking has been achieved with 1-in. diameter Speedi- 
cut ‘‘ Chipbreaker ” drills on low tensile mild steel at 
feeds per revolution as low as 0-004 in. The influence of 
correct point grinding is also shown by a marked 
improvement in the finish and size of the holes. 

The precision-milled rib incorporated in the drill 
extends along the full length of the flutes, providing 
chipbreaker action throughout the life of the drill, the 
user following normal resharpening practice for drill 
maintenance. Thus, for example, when drilling 0-65% 
carbon steel test bar at 70 fpm, with a feed of 4 in. per 
min, the chips from a standard drill are mainly con- 
tinuous and wrap dangerously around the flutes, whereas 
the chips produced by the “‘ Chipbreaker ” drill are well 
controlled and broken. 

Field tests have shown that these drills have 
numerous well defined advantages. Thus, in turret- 
lathe drilling to a depth of 25 in., the “‘ Chipbreaker ” 
drill gave a 22% reduction in drilling time. Withdrawal 
was necessary only three times to clear the chips, 
whereas a standard-type drill had to be withdrawn 
every inch after the first 3 in. of penetration. Further- 
more, in tests with multi-spindle automatics, where the 
peripheral speed for drilling is usually high with a 
fine feed, and where chipbreaking was not possible, the 
easier cutting action of the “ Chipbreaker ” drill was 
found to give a life between resharpening of 24 hr, as 
compared with 8 hr using a standard drill. Similarly, 
during constructional drilling, an 41-in. “‘ Chipbreaker ” 
drill produced 19,000 holes from % to 14 in. in depth 
and still had a useful life of 50% ; on the other hand, 
a standard drill had a useful life of approximately 
10,000 holes. On this class of work, where no coolant 
is used, the improved heat dissipation of the “ Chip- 
breaker ” drill gave cooler cutting. As a final example, 
when drilling 70-ton tensile material, the “ Chip- 
breaker ”’ drill permitted an increase in feed from 89 to 
58 cuts to the inch, with a 25% increase in the number of 
holes per grind. 





Fig. 3. 
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To summarise the advantages of the “‘ Chipbreaker ” 
drill, the following points are of interest :—Efficient 
chipbreaking provides faster drilling times. This is 
particularly true on deep-hole horizontal drilling, where 
the number of withdrawals is reduced as a result of the 
small controlled chips produced. Furthermore, small 
chips permit the coolant to flow more freely to the point 
of the drill, giving improved heat dissipation and 
drilling performance. Another important point is that 
control of chip size eliminates all long spiral chips, 
which are both inconvenient and dangerous to the 
operator, while small swarf is easier to handle and 
transport. Finally, the drill, which has a wide field of 
application, equally suited to precision drilling or to the 
contrasting conditions of constructional work or 
shipbuilding, dispenses with other mechanical aids to 
facilitate chip control. As a result, it can be used more 
widely in the confined space arising in multi-spindle 
set-ups. 


New Alloy for High-Temperature 
Furnace Resistors 


A new grade of nickel-chromium alloy for high-tem- 
perature furnace resistors is announced by Henry Wiggin 
& Company Limited, of London. This alloy, designated 
Brightray “‘ H,” is a modified 80/20 nickel-chromium 
alloy intended for use as a heating element in electric 
resistance furnaces where the element operating tempera- 
ture exceeds that for which Brightray “S” is normally 
suitable, the new grade being intended for elements 
operating in the temperature range of 1100 to 1250° C. 
Brightray ““H’”’ has been developed as a result of 
extensive work carried out in the Research Laboratories 
of The Mond Nickel Company Limited and is now in 
production by Henry Wiggin & Co. Ltd. in the form 
of rod, wire, and strip. It has been under test in the 
laboratory for several years and has proved successful 
in several metallurgical heat-treatment furnaces and for 
high-temperature firing of pottery. 

Oxidation resistance of the new alloy at temperatures 
above 1100° C is better than that of the standard 80/20 
nickel-chromium alloy. Laboratory tests on strip, 
0-88 mm thick by 14 mm wide, and on rod heated 
continuously in air to 1250° C gave lives of over 1000 
hours. This shows a considerable improvement over 
the life which can be obtained with the standard 80/20 
nickel-chromium alloy under similar conditions. The 
specific resistance of Brightray ‘‘ H ”’ at room tempera- 
ture is 126 to 130 microhms/cm2/cm. This increases by 
3-6 to 4% as the temperature is raised to about 450° C, 
and decreases by 6 to 9% between 450 and 900 to 
1000° C. As the temperature is further increased, the 
specific resistance rises slightly, but up to 1300° C 
remains less than the value at room temperature. 

Brightray “H” has excellent high-temperature 
strength and does not embrittle in service. It thus 
combines improved oxidation resistance at temperatures 
above 1100° C and not exceeding 1250° C with the 
advantages of Brightray “ S.” 


Apparatus for Dismantling Mining-Roof 
Supports 


Details have been received from the National Coal 
Board of an apparatus for dismantling mining-roof 
Supports, designed by Mr. J. H. Stone, Manager of 
Cossall Colliery, Derbyshire. In this apparatus, which 
employs a hydraulic ram as its motive power, a chain 
attached to the support to be withdrawn is connected 
toa “ sow’s ear ”’ fitted to the piston rod of the ram by a 
short length of chain. Operation of a control valve 
causes the ram to close, thereby hauling on the chain 
and drawing off the support. Spare chain runs round a 
pulley and over a winding sprocket, so that, as the ram 
Closes, the slack can be easily wound up. 

The device, known as the “ Hydraupuller,” is 
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anchored to the roof by a staker situated at the rear of 
the machine. This is in the form of a telescopic strut, 
secured by its foot to a hinged base and set at a forward 
angle, so that it connects with the roof above the main 
body of the machine. Once set to the roof, the pull of 
the machine in operation holds the strut tight. The 
sprocket on which the chain is pre-tensioned has a. 
ratchet-and-pawl device for safe and speedy operation. 
An electrically driven pump circulates oil from a 
reservoir through a control valve via pipes to the ram. 

The Hydraupuller is worked in the following 
sequence :—The machine is anchored by clamping 
the staker between the roof and floor. The chain is 
attached to the object to be hauled, tensioned by the 
ratchet device, and fixed in the “‘ sow’s ear”’ with the 
ram fully extended. Spare chain is deposited behind 
the machine after passing over the sprocket. The control 
valve is selected to close the ram, so that the chain is 
pulled with the full force of the ram while slack chain 
produced can be wound in by the ratchet. If, at the end 
of the stroke, a further pull is required, the pawl on the 
ratchet maintains the tension in the chain while the ram 
is extended and the “ sow’s ear” is reconnected to the 
chain. During the entire operation, one man, positioned 
behind the machine, can easily maintain full control, 
operating the control valve with one hand and the 
ratchet and pawl with the other. 





Investigation into the Load Dependency 
of Vickers Micro-Hardness 


(Continued from page 156) 


Moreover, the measurements do not follow eqs. (4) 
and (6). While the optically measured points accord 
with a value of » = 1-86, the values measured 
with the electron microscope follow n = 2. These 
measurements are in conformity with those of Khrush- 
chov and Berkovich on martensite and ruby. By 
evaluation with the electron microscope of a number of 
indentations of 1 u diagonal length, the same hardness 
values were found as for a load of 100 gr. 

Further tests were made with a direct-replica method, 
using a Vickers diamond with two nicks along one edge, 
situated 0-5 and 5 pu from the point. The results of 10 
indentations of different size in aluminium, austenite, 
martensite, and molybdenum carbide were as follows :— 
The average r.m.s. error was + 0-1 uv, but all distances 
measured on both diamond and indentations agreed 
within the limits of error. This can be explained by the 
indentation mechanism which, in the case of the Vickers 
diamond, is introduced by an irreversible sliding deform- 
ation along the edges. The permanent traces of the 
edges correspond to the position of the indenter under 
load. Consequently, in the normal method of measure- 
ment of the diagonal, the elastic recovery of the depth 
need not to be considered. Thus, elastic recovery 
cannot be the cause of the measured load dependency. 


(To be concluded) 
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BEARINGS 


Journal-Bearing Performance under Sinusoidally 
Alternating and Fluctuating Loads. 


By G. S. A. SHAWKI and P. FREEMAN. (From a paper 
presented at a meeting of The Institution of Mechanical 
Engineers, London, April 1, 1955, pp. 14-23, 17 illus- 
trations.) 


JOURNAL bearings operating under non-steady conditions 
form a most important class of engine bearing ; as yet, 
however, their performance has received little theoretical 
or experimental attention. On the theoretical side, the 
main drawback appears to lie in the mathematical 
complexity of the equations governing the bearing 
performance, while, on the experimental side, the 
development of a satisfactory apparatus for testing this 
class of bearing presents certain practical difficulties. 
Design procedures for such bearings, based on their 
performance characteristics under steady conditions 
and corrected by the applications of empirically de- 
termined factors, are obviously far from desirable. It is 
with these considerations in mind that the present 
investigations have been planned and carried out. 

Research on the simple problem of a journal bearing 
under vertical sinusoidally alternating and fluctuating 
loads was initiated by Professor H. W. Swift in the 
Lubrication Laboratory of the University of Sheffield. 
An experimental bearing was built on which loads of the 
above form could be applied to the journal by means of 
the displacement of two helical springs through a 
variable-throw eccentric. The journal displacement was 
measured by capacity pick-up units and the journal 
friction by a torque dynamometer. The first results 
obtained were mainly of a qualitative nature; it was 
shown, however, that a critical change in the bearing 
performance did occur near the one-half speed ratio. 
In 1949 the imperfections and limitations of the appa- 
ratus were thoroughly studied. This preliminary work 
aroused considerable interest in the more important 
quantitative study of the bearing performance for a 
vertical load comprising steady, fundamental, and 
harmonic components. The apparatus was, therefore, 
extensively modified and developed to incorporate means 
of applying the harmonic component of load. Particular 
attention was given to the journal drive, which was 
redesigned so as to ensure free and uniform rotation of 
the journal under load, and also to the lubricating-oil 
system, so as to provide systematic control of the oil 
temperature and pressure. New methods of measure- 
ment and instrumentation were introduced to obtain 
higher accuracy in the test results. 

This paper describes a testing machine designed 
and developed to investigate the performance of a 
complete journal bearing under a vertical cyclic load of 
the form P = Po9+P sin (12) + Py sin (nw, t + Y). 
This paper presents the results of the experimental 
study of the bearing performance for the case where 
P,=0 and for values of P1/Po between infinity and 
zero inclusive. Test results show that the ratio of the 
tate of load application to that of journal rotation 
(o1/) is a prime factor in bearing behaviour. Values 
of this ratio slightly less than 0-5 give rise to critical 
changes in bearing performance, of a character mainly 
dependent on the ratio of P1 to Po. 

The results do not, in general, confirm the theory 
put forward by Swift; they do, however, indicate 
closer agreement with some theoretical studies. 
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ELECTRICAL INSULATION 


Influence of Gas Content on the Dielectric 
Properties of Insulating Oils. 


By H. H. BucuHoiz. (From E.7.Z. (Edition “ A’), 
Germany, Vol. 75, No. 22, November 11, 1954, pp. 
763-768, 12 illustrations.) 


NUMEROUS papers have been written on the subject of 
the influence of dissolved gases on the dielectric pro- 
perties of fluid insulating media. These papers, however, 
deal for the most part with problems in connection with 
the breakdown mechanism and with the influence on 
d.c. conductivity and dielectric losses; furthermore, 
most of these papers cover low-viscosity mineral oils, 
few being devoted to insulating oils of high viscosity. 

Gas-containing cavities in the electrical field are 
frequently considered to be the cause of breakdowns in 
purified and dried oils, and four fundamental factors 
are cited as being responsible for this occurrence, i.e., 
separation, under the influence of the electrical field, of 
dissolved gas or gases distributed in small microscopic 
bubbles ; liberation of gas adsorbed on and into the 
electrodes ; formation of vapour bubbles of low-boiling 
components under particular pressure conditions ; and 
chemical disintegration of substances or admixtures, 
accompanied by generation of gas. 

The investigations described in this article are an 
additional contribution to the influence of gas content 
on the dielectric properties of insulating fluids, con- 
sideration being given to the following four groups of 
problems :—Explanation of the mechanism of solution 
of a gas in a liquid and the extent of its solubility ; 
magnitude of the absolute influence of dissolved gases 
on the electrical breakdown strength of insulating oils ; 
availability of experimental proof regarding separation 
of gases under the influence of electric fields, and the 
occurrence of such phenomena at atmospheric pressure ; 
and the conclusions which can be drawn from the time 
characteristic of the dielectric current on the mechanism 
of solution of gases, the importance of measured 
voltages and the occurrence of ionisation phenomena, 
and the participation of space charges in the gas- 
separation process. 

This article describes breakdown tests and in- 
vestigations of gas-separation phenomena under the 
influence of electric fields; in addition, loss-angle 
measurements are given, together with details of 
oscillographic recordings of the loss current and the 
results obtained. Dissolved gases reduce dielectric 
performance mainly as a result of cavity formation, 
promoted by oversaturation of the oil with foreign gases, 
admixtures in suspension, contaminations and non- 
homogeneities on electrode surfaces, low pressure, and 
pressure waves which may arise locally. 

In oils used for filling or impregnation of equipment, 
it is not possible in most cases to carry purification to 
extremes ; in particular, fibres and suspended ad- 
mixtures are especially difficult to avoid. Owing to the 
considerable gas-absorption capacity of such fibres and 
to the fact that dissolved gases are bound to separate 
out from the oil at relatively small decreases in pressure 
below atmospheric, there is considerable danger of 
cavity formation in the dielectric under operating 
conditions. In practice, therefore, it is generally 
essential to carry out oil-filling and impregnation 
processes under vacuum. 
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| on flat transmission belting or V-belts are used on 
,/your drives, whether your plant layout is best served by 
* overhead shafting or individual drives, slip can be overcome 
- by two logical steps, using Goodyear belts and following 


the belt and waste power in another way. 


There are sound engineering and economic reasons for 
each type of drive, but a reliable long-lasting drive is essential 
in every case. The choice offered by Goodyear for both 
transmission belting and V-belts, permits correct selection 
for the duty; proper installation and maintenance ensures 


? Goodyear recommendations in their use. Short cuts such as 
excessive tension and belt dressings only reduce the life of 


that you get the value that’s built into each Goodyear belt. : 


SAVE POWER 
SAVE BELTS 
SAVE MONEY 





ENDLESS CORD TRANSMISSION BELTS 


For modern high-speed, small-pulley machin- 
ery, Goodyear Endless Cord Belts incorporate 
a balanced construction of load-carrying cords. 
Their H.P. capacity is one third greater than 
ordinary belts of equivalent thickness; they 
have an unusual degree of flexibility which gives 
a firm grip on small pulleys at high speeds. 





V-BELTS 


Ideal for industrial multi-vee drives, these belts 
will withstand high starting torques, stalls and 
pulsating or shock loads. Multiple, continuously 
wound, high tensile cords ensure strength and 
resilience. The tough rubber - impregnated 
fabric gives a long lasting grip on pulleys, 
resulting in greater efficiency at less cost. 
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GEARING 
Bending Stresses in Spur-Gear Teeth. 


By M. A. JacoBson. (From a paper presented at a 
meeting of The Institution of Mechanical Engineers, 
London, April 1, 1955, 15 pages, 15 illustrations.) 


It can be shown that artificial birefringence caused by 
the loading of a photo-elastic model gives an accurate 
picture of the stresses set up in the model. For a given 
loading, within the elastic limit, this corresponds to the 
stress patterns in the prototype, irrespective of the 
material of prototype and model. This is strictly correct 
for isotropic materials only ; _ fortunately, most en- 
gineering materials are isotropic, or nearly so. It is, 
therefore, possible to apply values found by photo-elastic 
tests directly to the design of gears. 

The application of photo-elasticity to gear-tooth 
study is not new. Thus, Timoshenko and Baud (1926) 
demonstrated that an increase of fillet radius decreases 
the stress concentration at the fillet. Owing to an 
inherent feature in the design of their loading mechanism, 
their experimental findings can be considered no more 
than a qualitative statement on tooth fillets for general 
guidance only. In 1946 Boor and Stitz published 
experimental data on three fully generated spur gears 
and thus introduced into photo-elastic investigations 
conditions more like actual service conditions. The load 
was applied from one gear tooth to the other, both having 
the same elastic constants of material. However, no 
quantitative analysis of a range of tooth shapes was 
attempted. ; 

This paper embraces three related subjects :— 
Photo-elastic measurement of stresses in spur-gear 
teeth; interpretation of stresses so found, to give 
revised strength factors for B.S. specifications on the 
design of spur gears ; and a tentative attempt to correlate 
the stresses found with fatigue-test results which have 
been reported by various investigators. The object of 
this paper is to propose maximum safe bending loads 
which involute spur gears can be allowed to carry. 
The gears investigated are confined to those which can 
be generated by standard cutters conforming to the 
20 deg. pressure angle, B.S. basic rack, without causing 
either under-cutting near the root or undue pointing of 
the teeth. The values proposed are based on a photo- 
elastic investigation carried out by the author under the 
guidance of Professor W. A. Tuplin, at the Post- 
Graduate School of Applied Mechanics, Sheffield 
University. : ; 

Strength factors for spur gears are given in the form 
of charts. These factors embrace the whole possible 
range of spur-gear combinations, both with and without 
addendum corrections. 

To enable a rational assessment of strength to be 
made, a list of service factors and a graph correlating 
bending-fatigue data for three classes of surface finish 
(ground and polished, shaped, and hobbed) are given. 


ILLUMINATING ENGINEERING 


Seasoning of Tungsten-Filament Incandescent 
Lamps for use as Photometric Standards. 


By W. R. Bevin, W. J. BRown, and K. S. Sarma. 
(From Transactions of the Illuminating Engineering 
Society, London, Vol. 20, No. 3, 1955, pp. 99-108, 
8 illustrations.) 


INCANDESCENT lamps intended for use as photometric 
sub-standards must first be “‘ seasoned,” i.e., operated 
until they cease to vary rapidly. The literature contains 
very little quantitative information about processes 
which occur during this initial period, and hence there 
is some doubt as to whether the practice of seasoning 
lamps at approximately the filament temperature to be 
used in subsequent operation is the best. It is important 
to adopt a method of seasoning which keeps blackening 
of the lamp envelope to a minimum and which saves 
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unnecessary expenditure of the lamp’s life. Since the 
rate of evaporation of the filament, and hence the 
blackening of the envelope, increase rapidly with 
filament temperature, it might be advantageous to 
season standard lamps at relatively low colour tem- 
peratures. This procedure has been followed by de Vos 
and Dresler, who observed that gas-filled lamps can be 
seasoned at colour temperatures as low as 2200 to 
2300° K. 

The authors of this paper have further investigated 
the method by seasoning lamps at various colour 
temperatures and examining the effects of seasoning 
lamps at voltages well below the rated values. The 
conclusions derived from the investigation are as 
follows :— 

(1) Tungsten incandescent lamps can be well 
seasoned at colour temperatures as low as 2100° K for 
gas-filled lamps and 1800° K for vacuum lamps. The 
times necessary for seasoning at high and low tempera- 
tures are consistent with the view that recrystallisation 
of the tungsten is the principal process involved. 

(2) During the seasoning process, the emissivity of 
the tungsten changes. This change is inferred to be a 
decrease which is largely non-selective with regard to 
wavelength. 

(3) Blackening of the glass envelope may be kept to a 
minimum by seasoning the lamp at a relatively low colour 
temperature, a procedure which saves unnecessary 
expenditure of the lamp’s life. 

(4) Application of an excess voltage to a colour- 
temperature sub-standard does not necessitate re- 
calibration of the lamp, unless the period of application 
is several hours. 


MATERIALS HANDLING 


Hydraulic Transport of Solid Material in Pipes. 


By R. C. WorsTeER and D. F. DENNy. (From a paper 
presented at a meeting of The Institution of Mechanical 
Engineers, London, March 25, 1955, 12 pages, 21 
illustrations.) 

For many years the hydraulic transport of solids in 
pipes has been successfully applied in a few specialised 
fields such as dredging, land reclamation, and the 
winning of some minerals. Existing installations for 
hydraulic transport utilise special centrifugal pumps, 
the impellers of which are capable of passing the largest 
pieces likely to occur in the mixture. Sometimes, the 
solids and water in the desired proportions are fed to a 
hopper connected to the suction branch of the pump. 
The pump then delivers the mixture into the pipeline 
at a pressure sufficient to overcome the friction re- 
sistance and any static head. Where the solids are to be 
recovered, screening or other separating plant is used 
at the delivery of the pipeline. In suction dredging, 
prior mixing before the pump is not possible and it is 
necessary to rely on the skill of the operator to keep the 
suction mouthpiece close enough to the river bed to 
entrain a large quantity of material without starving the 
pump of water. 

There is considerable interest to-day in the 
possibilities of hydraulic transport in other fields, such 
as the moving of coal in bulk. Earth- and debris-moving 
plants are often required on temporary sites and the 
simplicity of hydraulic transport is then the major 
factor in determining its widespread use. For permanent 
installations, however, such as the feeding of coal to a 
power station, reliability and economic factors are 
relatively more important. For this reason, more 
precise knowledge of the mechanism of the flow in pipes 
is needed, so that reliable estimates can be made of the 
power consumption and the size and cost of the plant 
required for major projects. Large-scale laboratory 
and plant studies are now in progress to provide the 
basic information on plant operation and the design of 
new machinery. 

As described in this paper, it has been found possible 
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PROGRESS IN Despite its innumerable applications, the magnet 
is still popularly associated with its use as a navi- 
ELECTRONICS gational aid. This is perhaps not surprising when 
one considers that the earliest experiments in 

magnetism were connected with the compass and its use in navigation. 

It is said that the Chinese were using a form of lodestone compass in B.C. 2637, but i 
the experimental study of magnetic direction finding devices really began in A.D. 1000 
and reached something of a milestone in the 16th century with the work of Dr. Gilbert, 
who was physician to Queen Elizabeth. 

It is only within the last twenty years, however, that revolutionary advances have been 
made in navigational aids. Radar was, of course, the most important of these advances 
and it owed its successful development to the invention of an 
electronic tube known as a magnetron, and this device, in turn, 
depended for its efficiency upon the “Ticonal” permanent magnet 
—an alloy having great field strength, stability and uniformity. 

Mullard’s work in the field of magnetic materials has been 
particularly outstanding. In addition to ‘“Ticonal” permanent 
magnets, two other materials now in quantity production are 
Magnadur, a non-metallic permanent magnet, and Ferroxcube, a 
non-metallic H.F. core material. These materials are contributing to important 
developments in other electronic applications such as television receivers and line 
communications equipment. 

Progress in magnetic materials continues, and through this the future may well see 
developments of equal significance to those which have gone before. 


Mullard 


Mullard 


MULLARD LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 
Factories at: Blackburn Fleetwood Gillingham Hove Lytham-St. Anne’s Mitcham Padiham 
Rawtenstall Waddon Wandsworth Whyteleafe 
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to correlate data obtained over a fairly wide range of 
conditions ; the flow in vertical and sloping pipes is 
also mentioned. The passage of solids through machines 
and pipes leads to breakage of the particles and wear of 
the metal parts. Some test results and conjectures in 
this connection are given. Because high pressures are 
required for long-distance hydraulic transport or for 
vertical lifting through pipes, the practical problems of 
pumping solids are severe. These are discussed with 
special reference to coal-feeding devices. 


METALLURGY 


The Effect of Stresses Produced during Pre- 
cipitation. 

By F. VicENA. (From Czechoslovak Journal of Physics, 
Czechoslovakia, Vol. 5, February 1955, pp. 11-17, 
1 illustration.) 


Ir is assumed in this paper that various physical 
processes, such as age hardening, work hardening, or 
the presence of dislocations, will affect the existence of 
internal stresses of various types in a ferromagnetic 
material and that their influence on the coercive force 
will therefore differ. In this paper, the effect of internal 
stress produced in the process of precipitation in the 
vicinity of particles of the precipitated phase on the 
coercive force of the ferromagnetic material is investi- 
gated. The following assumptions are made during 
calculation :—The form of the precipitated particle is 
regarded as isotropic (spherical), the Bloch wall is 
considered plane, and the distance between the pre- 
cipitates is considered large, compared with their size. 

The character of the tension in the surroundings of 
the spherical precipitate was investigated by Mott and 
Nabarro. Their explanation of the tensor of tension in 
the surroundings of the precipitates was taken as a 
basis for the present calculations. Particular attention 
was paid to the influence of the effect of surface tension 
of the Bloch wall and the effect of magnetic charges. It 
is shown that, with spherical particles, the first influence 
need not be considered at all, owing to the symmetry 
existing, and that the second can be neglected in 
comparison with the effect on the direction of spon- 
taneous magnetisation of magnetic charges produced on 
the surface of a particle of the precipitate. 

The conclusion is drawn that, with precipitates of 
spherical shape (e.g., Fe3C in iron), the internal stresses 
produced in their vicinity during precipitation do not 
in any marked degree influence the movement of the 
Bloch wall across these inclusions and thus also do not 
influence the coercive force. Consequently, the opinion 
held by some authors that the internal stresses influenc- 
ing the coercive force, which is the subject of the vi stress 
theory,”’ were produced in the vicinity of the precipitates 
during age hardening is not justified. 





PLASTICS 


Mechanism of High-Speed-Waterdrop Erosion 
of Methyl Methacrylate Plastic. 


By O. G. ENGgEL. (From Journal of Research of the 
National Bureau of Standards, U.S.A., Vol. 54, 
No. 1, January 1955, pp. 51-59, 8 illustrations.) 


THE erosion caused by waterdrops when they strike solid 
surfaces at very high velocities has recently received 
considerable attention because of the damage produced 
when high-speed aircraft fly through rain. This erosion 
is essentially the same as that which occurs in steam 
turbines as a result of the waterdrops in wet steam. The 
process has long been studied but no clear understanding 
of the complete damage mechanism has emerged. 

Any attempt to explain the damage resulting from 
high-speed-waterdrop impingement must take into 
account the properties of the waterdrop under impact 
conditions. Under impact at a velocity of the order of 
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the speed of sound in air, water acts as though it were 
hard, but it retains its liquid property of flow. It has 
recently been estimated that the impact pressure 
resulting from a collision of this type at an impact 
velocity of 600 mph is of the order of 30,000 psi and that 
the radial-flow velocity is close to 1400 mph. The 
damage occasioned by these high-speed liquid-to-solid 
collisions is equally a function of the properties of the 
structural material sustaining the damage. The response 
of materials of different properties will vary enough to 
introduce notable modifications in the erosion process. 

As pointed out, under impact conditions a waterdrop 
behaves like a hard sphere but, unlike a sphere of hard 
solid material, it retains its liquid property of flow. 
The results of the parallel study of the impact of steel 
spheres, and especially of deforming lead pellets, on 
methyl methacrylate plastic appear to indicate the 
mechanism of high-speed-rain erosion. 

In this paper, a mechanism for the high-speed- 
waterdrop erosion of methyl methacrylate plastic is 
postulated as a result of a parallel study of the damage 
caused by the impacts of steel spheres and of deforming 
lead pellets. Results of the parallel study are described. 
The mechanism can be extrapolated with safety only to 
other brittle materials of low tensile strength, the other 
characteristic properties of which are closely similar to 
those of methyl methacrylate plastic. 


POWER-PLANT ENGINEERING 


Current Trends and Developments in the use of 
Creep-Resisting Steels in Steam Power Plant. 


By M. G. GEMMILL. (From a paper presented at a 
meeting of The West of Scotland Iron and Steel 
Institute, Glasgow, March 18, 1955, 22 pages, 13 
illustrations.) 


IN recent years creep-resisting materials have been 
largely associated with the aircraft industry, whose 
demands and dependency upon them have been given 
wide publicity. Before this situation arose, the use 
of steels to withstand creep was well established in the 
steam power-plant industry for such components as 
superheater tubes, steam piping, and bolts. Since 1945 
the considerable growth of power plant of this type in 
Britain has presented a very similar problem to the 
metallurgist, i.c., the development of more creep- 
resistant materials to cope with the increasing severity of 
service conditions, with the additional consideration 
that the life of the component is often a minimum of 10 
years. In consequence, there has been little tendency 
to try a plethora of new steels, more reliance being 
placed upon compositions gradually developed by a 
combination of past experience of proven alloys, 
coupled with laboratory tests of up to 10,000 hr duration 
upon materials developed from them. 

In this paper the intention is to consider only steels 
at present in use either as superheater tubing or as 
steam piping, using them to illustrate particular problems 
relating to their successful application in industry. 
Within these defined limits there are six materials 
which between them largely represent all the creep- 
resisting steels at present employed in Great 
Britain for these purposes. These are carbon steel ; 
0:5% Mo steel; 1% Cr, 05% Mo steel; 2:25% Cr, 
1% Mo steel ; 0-5% Mo-V steel; and 18-12-1 Cr-Ni- 
Nb steel. 

Whilst creep strength is both the chief means of 
differentiating between these steels and the main reason 
for their use, it should be mentioned that other properties 
such as scaling resistance, ease of fabrication into 
tubes and pipes, and good weldability are equally 
essential. In the case of the latter it is also important 
that any post-welding treatments which might be 
necessary should not impair the creep resistance of 
the steel. 

Confining himself to these six types of steel, the 
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company formed more than three-quarters of a century ago 
has sprung a mighty organisation with twelve different 
sections dealing with every aspect of electrical equipment 


and installation. But each section forms an integral part 


When it comes to electrical equipment... 


you’ve got to hand it to (rompton Parkinson 


MAKERS OF ELECTRIC MOTORS OF ALL KINDS * ALTERNATORS 


INSTRUMENTS ¢* LAMPS °* LIGHTING EQUIPMENT ° 


CROMPTON PARKINSON LTD., CROMPTON HOUSE, 


A74 


GENERATORS ° 
BATTERIES ° 


ALDWYCH, 









of the whole. It is this close co-operation between sections 
that has gained for the Crompton Parkinson organisation 
the world-wide reputation it holds today. For when a new 
development in electricity has to be studied and pursued, 
the sections work together for the common good. The 


results are the fruit of an experience second to none. 


LImMaTED JELECTRICAL EQUIPMENT 


SWITCHGEAR °¢ CABLES 


STUD WELDING EQUIPMENT ° 


B.E.T. TRANSFORMERS ° 
TRACTION EQUIPMENT 
W.C.2. TEL: 


LONDON, CHANCERY 3333 


THE ENGINEERS’ DIGEST 





NT 


33 


$7. 





author of this paper discusses the influence of steelmaking 
methods, heat treatment, and fabrication. Design 
stresses and laboratory data are discussed, and future 
trends assessed. 


PRESSURE VESSELS 


Temper Brittleness of Pressure-Vessel Steels. 
By L. D. Jarre. (From The Welding Journal, U.S.A., 
Vol. 34, No. 3, March 1955, pp. 141s-150s, 13 
illustrations.) 
TEMPER brittleness is an embrittlement of carbon and 
low-alloy steels arising from exposure to temperatures 
above 700° F but below those at which austenite forms. 
It is characterised by a rise in the temperature of 
transition from brittle to ductile failure, with no change 
in strength or hardness. The severity of temper brittle- 
ness in the low-carbon pressure-vessel steels commonly 
used in the as-rolled or normalised condition is generally 
no appreciable, and no failures from this source have 
been reported. The effect may be more severe in 
quenched and tempered low-alloy steels, particularly 
those containing manganese, chromium, and, to a 
lesser extent, nickel. The mechanism of temper brittle- 
ness is not known, but the conditions under which it is 
produced are fairly well defined. The classic example of 
temper brittleness is that arising in quenched and 
tempered alloy steels on slow cooling from the tempering 
temperature. 

In general, the obvious method of preventing temper 
brittleness is to avoid the temperature conditions 
under which it develops. In quenched and tempered 
steels, this means, for example, tempering at a high 
temperature for a short time, rather than at a lower 
temperature for a longer time. Water-quenching from 
the tempering temperature is acommon practice. Heating 
above the austenitising temperature eliminates brittleness 
resulting from previous treatments. Molybdenum up to 
about 0:6% is also useful in greatly retarding temper 
embrittlement. 

The values obtained from the conventional tensile 
test give little indication of the susceptibility of a steel 
to temper embrittlement. The usual method of measur- 
ing susceptibility is to use the notched-bar impact test, 
and to compare the transition temperature of specimens 
slowly cooled from a tempering temperature of about 
1100° F with the transition temperature of specimens 
water-quenched from the same temperature. 

Suggested research on temper brittleness should 
include investigation of the rate and extent of em- 
brittlement in unhardened steels, especially plain 
carbon steels. Short cycles, similar to those produced by 
welding in adjacent zones, should also be included. 
Investigation of the possibility of removing embrittle- 
ment by treatments below that at which austenite forms 
is also needed in such steels. Determination of the cause 
of temper brittleness is clearly desirable. Tests of 
pressure-vessel steels, including weld areas, for 
toughness before and after elevated-temperature service, 
would also be of value. 


SMOKE ABATEMENT 


Smoke and the Law. 


By A. MARSH. (From a paper presented to the Yorkshire 
Section of the Institute of Fuel, Sheffield, March 16, 
1955). 


ATTEMPTS to prevent nuisance from smoke have been 
made ever since coal began to be used in any quantity. 
Early in the 19th century the problem became so acute, 
even though it was still regarded as inevitable, that 
demands began to arise for its moderation. As the new 
idea of a public-health policy began to grow, even though 
it was based mainly on sanitation, housing, and pure 
water, the condition of the air also began to be seen as a 
question of the public health, and the major legislation 
that eventually came was a part of the great Public 
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Health Act of 1875. This remained in force until 1926, 
when an amending act, the Public Health (Smoke 
Abatement) Act was passed. Later, this became a part 
of the consolidating Public Health Act, 1936. 

The principles of the 1875 and 1926 Acts are, in 
fact, based wholly on the idea of nuisance. They do not 
seek to prevent air pollution, or even to prevent nuisance 
from arising, but simply to allow action to be taken 
against emissions so gross that they could be defined as 
nuisances. Where pollution is excessive and mitigation 
only can be hoped for, such methods of control can do a 
great deal of good, but even at their best they cannot do 
anything to reduce the vast amount of pollution caused 
by large numbers of sources of pollution, not one of which 
may be technically guilty of a legal nuisance. If it is 
desired to secure a steady improvement in the condition 
of the atmosphere, it is necessary to discard the old 
“nuisance ” criterion and to aim at either complete 
abolition or the nearest to it that is practicable. 

Not only are the principles of the old legislation 
inadequate, but there are faults and omissions that 
prevent them from being used as well as they might be. 
There is, for example, no control whatsoever over 
domestic smoke ; although bye-laws were made possible, 
under which proof of nuisance was not required, they 
have not been allowed for any kind of smoke that is not 
black, and there is, of course, the so-called Sheffield 
clause, which gives a virtual veto on action against 
certain metallurgical and mining processes. One of the 
failures of the 1926 Act was the retention of this clause, 
even though power was given for the schedule to be 
revised. Assurances were given in Parliament, during 
the debate on the Bill, that the processes would be 
reviewed at the end of five years. This, however, has 
never been done. 

Part of the Beaver Committee’s legislative proposals 
break new ground, as far as national legislation is 
concerned, in proposing to bring the prevention of 
domestic smoke under the law. They accept the 
principle of smokeless zones, first advocated by the 
National Smoke Abatement Society and already proving 
to be of great value, and put forward the notion of smoke- 
control areas. These would be areas where industrial 
smoke cannot be completely forbidden, and where 
domestic fuel need not—initially at any rate—be 
entirely smokeless. 

Domestic smoke can in general be prevented only 
by ceasing to burn raw bituminous coal. The reform 
can, therefore, proceed only at the rate at which smoke- 
less fuels can be made available to replace raw coal, and 
consequently the report envisages a progressive 
establishment of smokeless zones and smoke-control 
areas in which the towns and districts most needing it 
will be given priority. It will be a long time before 
domestic smoke prevention can be applied to the rural 
areas and smaller country towns, and for the present it 
will probably be necessary not to encourage in such 
areas any further use of solid smokeless fuel. 

With regard to the question of making available the 
smokeless fuel, solid and otherwise, and ensuring that 
it is of the quality and price required, it may be pointed 
out that there has been a kind of circle of difficulty, 
almost a vicious circle, in that developments in the 
production of solid smokeless fuel have been held back 
because there was no certainty that more extensive 
smoke-prevention measures would create the demand 
for it, while, at the same time, there has been a fear of 
introducing new legislation because there would be 
insufficient smokeless fuel. What must be done is to 
ensure that the circle starts moving the other way 
round, i.e., to see that the establishment of smokeless 
zones encourages the further production of smokeless 
fuel, which in turn will make further zones possible. 
It may not be easy to achieve this smoothly, and yet 
make good progress, and it is likely that for some years 
there will have to be a near-shortage of smokeless fuel. 
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STRENGTH OF MATERIALS 


The Geometrical Size Effect in Notch Brittle 
Fracture. 


By A. A. WELLS. (From a paper presented at a meeting 
of the North-East Coast Institution of Engineers and 
Shipbuilders, Newcastle upon Tyne, March 25, 1955, 
pp. 277-290, 6 illustrations.) 


IN structural strength investigations there has always 
existed a difficulty in that the behaviour of a large 
prototype can never quite accurately be predicted from 
tests on a smaller scale model. The discrepancy between 
the stress and strain curves for each component at the 
two extremes of scale is often defined as a scale effect. 
On a closer examination, scale effects may be subdivided 
into metallurgical and geometrical, depending on 
whether or not they are associated with significant 
changes of material on the two scales. A size effect can 
only be described as truly geometrical when any 
metallurgical difference between the material at the 
two sizes has first been eliminated, and vice versa. In 
discussing structural scale effects, care must also be 
taken to distinguish the influence of change of shape in 
comparing the behaviour at one size with that at another. 

Investigations have indicated that the effect of 
increased embrittlement at increased thickness is 
associated with a greater grain size at the greater thick- 
ness, in turn due to a higher temperature at which 
rolling deformation ceases, and a slower rate of cooling 
from this temperature. This single phenomenon. is 
perhaps one of the most important to the practising 
engineer concerned with brittle fracture. In practice, 
it means that he can dismiss the possibility of such 
fracture being a serious hazard for plates of usual 
mill quality less than about 4 in. in thickness, where 
service temperatures are not much below freezing point. 
In discussing the geometrical size effect, with which this 
paper is concerned, it is therefore necessary at the 
outset to ensure that such a metallurgical variable is 
eliminated as far as possible, in spite of its obvious 
importance. This may be done by referring all experi- 
ments to a single block or plate of steel, sufficiently 
thick to ensure that all sizes of specimen may be cut 
from immediately adjacent portions. 

In this paper, fracture size effects are discussed in 
the light of metallurgical and geometrical variables, 
and the Docherty size effect in slow notched-bar bend 
testing is put forward as an example of a purely geometri- 
cal effect. The results of repeat tests are given, showing 
that this effect is present when metallurgical differences 
between specimens are reduced as far as possible. 
Strain-energy release rates during fracture are 
determined for the specimens, and checked experi- 
mentally by means of the temperature-wave method. 
It is concluded that brittle fracture in the smallest of 
the geometrically similar specimens is prevented by the 
fact that there was an insufficient strain-energy release 
rate, and that the critical value is close to values deter- 
mined for the same steel and temperature by means of a 
notched tension test. The implications of such a 
criterion for propagation are discussed in relation to a 
particular type of fracture which is common in the 
case of full-scale welded steel-plate structures. 


WELDING 


Hydrogen-Embrittlement Phenomena in Metallic 
Arc Welding. 

By T. NoreEN and S.-E. ERIKSON. (From Svetsaren, 
Sweden, Vol. 19, No. 2-3, 1954, pp. 3-19, 21 illus- 
trations.) 

For several years hydrogen-embrittlement phenomena 

in connection with arc welding have been studied at the 

Elektriska Svetsningsaktiebolaget (ESAB) Laboratories 

in Gothenburg. This paper constitutes a review of 

experimental and theoretical results in relation to 
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investigations described in the extensive literature 
within this field 

The determination of hydrogen contents of weld 
metals is discussed and, with regard to the hydrogen/ 
oxygen reaction in welds, it is pointed out that the 
oxygen content of a weld metal can be estimated rather 
accurately by means of low-temperature hydrogen 
determinations. 

Weld-metal embrittlement after short storing, as 
well as the formation of so-called “ fish-eyes,”’ has been 
closely studied. A new theory for the formation of 
fish-eyes has been based on these investigations. The 
theory seems to have been confirmed by calculations 
based on the Fick diffusion laws. A relationship exists 
between the diameter of a porosity in a weld metal and 
the surrounding embrittled area (fish-eye). Finally, the 
type of hydrogen embrittlement known as underbead- 
cracking is described and discussed. 


WIRE AND WIRE PRODUCTS 


Investigation into the Mechanics of Wire Drawing. 


By J. G. WISTREICH. (From a paper presented at a 
meeting of The Institution of Mechanical Engineers, 
London, April 1, 1955, pp. 13-24, 20 illustrations.) 


THE mechanics of wire drawing are concerned with the 
relation between external forces, boundary conditions 
of the process, and plastic properties of the wire. In 
the investigation described in this paper, acknowledged 
shortcomings of previous work have been overcome, 
and the basis of comparison between theory and experi- 
ment has been widened by means of new experimental 
techniques, these being die profilometry and split dies. 

In the past, the coefficient of friction has had to be 
deduced from theory. There are several theories in 
existence, and it has not been possible to put them to a 
stringent test, primarily because of ignorance about 
friction. Since the various theories are in marked dis- 
agreement concerning die pressure, its measurement in 
the present investigation is an important step forward. 

The investigations described in this paper have been 
confined to round wire, to die bores in the shape of 
truncated cones, and to slow drawing, without “ back 
pull,” so that there are only four parameters which 
determine the external forces, i.e., reduction of cross- 
sectional area of wire; semi-angle of die cone; coefficient 
of friction between wire and die ; and the yield stress of 
the wire. The yield stress is not a truly independent 
parameter. It varies with strain and thus depends on the 
deformation in the die, which probably is a function 
not only of the boundary conditions of the process but 
also of the rate of work-hardening of the metal relative 
to its current yield stress. Evidently, unless the effect 
of the process parameters overshadows that of hardening, 
different metals drawn in the same will be deformed by 
different amounts. 

Not only the drawing force but also the mean die 
pressure and the mean coefficient of friction were 
measured, so that existing theories of wire drawing 
could be put to a more exacting test that had hitherto 
been possible. The investigation has revealed weaknesses 
in all wire-drawing theories; the use of Hill and 
Tupper’s (1948) sheet-drawing theory for the prediction 
of forces in wire drawing is not justified. Semi-empirical 
formulae for the forces have been devised. A simple 
relation between tool-stock configuration and non- 
homogeneity of deformation was discovered, and this 
is also applicable to the mechanics of swaging. The 
assumption that the deformation is independent of the 
properties of the wire is not valid for annealed wires 
drawn with very light reductions, but is acceptable 
otherwise. The occurrence of thickening of the wire 
before entering the die and its continued thinning 
beyond the die deserves attention in bar drawing. 
There was no correlation between die pressure and 
coefficient of friction. 
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MODERN PLATE-GLASS PLANT 


New equipment for the production of ultra-high- 
precision plate glass is now in operation at the Libby- 
Owens-Ford Glass Company plant near Toledo, Ohio. 
It is stated that the new plant will grind simultaneously 
both sices of a steadily flowing ribbon of glass, about 
9 ft in width and extending nearly 300 yards from the 
melting tank to the point where it is cut into plates of 
almost perfect parallelism. Some idea of the gigantic 
size of this equipment is afforded by the accompanying 
illustration, the plate-glass blanks moving from the 
lower left to the upper right. —The power consumption 
of the plant is about 17,000 hp, control being achieved 
by means of 800 individual electric motors. 





Under the old process of making polished plate 
glass, the rough glass was cut into pieces after issuing 
from the melting furnaces and passing through the 


annealing ovens. Each piece was secured to a flat, 
moving iron table and moved under a battery of grinding 
heads, after which it progressed under a similar battery 
of polishing heads. Then, with one side of the glass 
ground and polished, the piece was turned over and sent 
through an identical line to finish the other side. With 
this process, it was impossible to achieve completely 
parallel surfaces throughout. 

In the new twin-grinding process, the glass ribbon 
leaves the furnace and annealing oven as before but, 
insead of being cut into pieces, it continues in an 
unbroken length through the twin grinder, moving 
slowly between 22 sets of cast-iron grinding heads, 
operated by motors totalling 2000 hp. Each grinding 
head is nearly nine feet wide, and each upper and 
lower pair weighs 58 tons. The heads grind with 
abrasive slurry mixtures of gravel sand and water, 
introduced in a coarse form at the beginning of the 
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process and in progressively finer forms towards the 
end. Finally, after being held in a completely level plane 
during the entire passage between the upper and lower 
grinding units, the glass emerges smooth and with an 
extremely high degree of parallelism which is consistent 
along its entire length. Finally, the glass ribbon is cut 
into individual pieces, which are then sent through the 
polishing lines. 

The maximum standard size of the glass, which is 
designated “ Parallel-O-Plate,” is 120 x 170 in., but 
special orders up to 252 in. in length can be executed. 


CYLINDRICAL GRINDING MACHINE 


The Newall type “L” hydraulic cylindrical 
grinder has recently been re-designed to give increased 
capacity and incorporates a number of additional 
features to extend its field of application. Hitherto 
manufactured by The Newall Engineering Co. Ltd., of 
Peterborough, the new model, re-designated the 
Newall-Keighley “ L ”-type grinder, is now in produc- 
tion at Keighley Grinders (M.T.) Ltd., one of the 
Newall subsidiary companies. Available in sizes of 24, 
36, 48, and 60 in. between centres, each machine in the 
range swings 12 in., in place of the 10 in. applicable to 
the previous models. 

The re-designed base casting is of “ fish-tail” 
construction, to give improved rigidity in the centre of 
the machine, while increased ribbing under the wheel- 
head provides maximum support for this unit. Together 
with other design innovations, this has increased weight 
by approximately 10 cwt. The bottom table has been 
extended, so that table-ways are permanently covered, 
to obviate the intrusion of dust and grit. Added support 
for the workhead and tailstock has been accomplished 
by increasing the width of the top table from 63 to 8 in., 
and the table stroke at slow speeds has been reduced to 
is in. The hand motion is engaged and disengaged 
hydraulically. Slow table speeds are positively obtained 
by the use of a larger-size valve block and bigger 
cylinder. 


To accommodate the wheelhead motor, now 


mounted on the wheelhead, the underslide has been 
increased in area and length. This modification also 
ensures that slideways are protected at all times. A 
sub-slide is also incorporated, thereby making it 
possible to position the wheelhead so that acute angles 
can be ground when using the dead- and live-centre 
workhead with swivelling base. It also permits small 














Im being choked,” he said. ‘‘ I’m producing the goods 
faster than ever, but what’s the good? I’ve got to slow down 
to enable the stuff to be moved off the floor. I’ve carried on somehow, 
but this is the end. Come and look.” We did. 


His production machinery was tip-top, but oh! — his materials 





handling equipment was right out of the Ark! ‘“* For months now 

I’ve been nagging the Board to call in Yale,” he moaned, ** but they just wouldn’t listen.” 

** Well, now we’re here, let’s get down to it,”” we said as gently as we could. 

He showed us what wanted moving — how far — 
and how often. Together we worked out a scheme 
that did all that and increased his effective 
storage space more than 25%! 
Now he’s producing to capacity, his handling 
costs are less than he had ever hoped and the 
Yale trucks are giving him the kind of 
trouble-free service he’d only dreamed about. 


We have at your disposal technical staff 
who will be glad to visit you at any time 
and demonstrate how Yale products can 
solve materials handling problems and 
reduce production costs. 


MATERIALS HANDLING EQUIPMENT 


Made in England by 


THE WORKSAVER This is the Yale 
** Worksaver”, an extremely compact and manoeuvrable 
battery-operated truck specially suitable for smaller plants. 


It is made in five versions — pallet, high-lift platform, 
REGISTERED TRADE MARK 








low-lift platform, fork-lift and tractor. 


For details of the ‘* Worksaver” series, and cther materials 
handling equipment in the Yale rangd, write or phone : 


THE YALE & TOWNE MANUFACTURING COMPANY, MATERIALS HANDLING DIVISION, DEFT. P.4, WEDNESFIELD, STAFFS. WILLENHALI 630 
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diameters to be ground with a worn wheel, and large 
diameters with a new wheel. An “ anti-creep ” device 
is incorporated in the wheelhead assembly, while an 
anti-backlash cylinder on the withdraw unit eliminates 
backlash without reducing pressure in the sizing face 
of the withdraw cylinder. An additional time-saving 
modification enables the wheelhead bearings to be 
adjusted without removal of belts or pulley. Further- 
more, all springs and catches in the wheelhead trip gear 
have been eliminated and this control is now fully 
hydraulic. 

“A number of modifications to controls has been 
made to facilitate operation. Most important of these 
are a universal-type reverse-lever with a plunger which 
may be withdrawn to miss the table dogs, and an 
optional device for automatic wheel-wear compensation 
incorporated in the feed wheel. Locking bolts between 
handwheel and dial handwheel and plunge feed gear 
have been dispensed with; interlock and reverse 
interlock, without the use of mechanical linkage, ar: 
both available on one machine. The limit switch, 
time-sizing apparatus, and gauge-sizing apparatus are 
now located in an easily accessible position in front of 
the machine, and the detachable electrical control 
cabinet has been mounted on the side of the machine to 
make the unit more compact. 


CONTINUOUS BROACHING MACHINE 


A new mass-production broaching machine for both 
continuous and flat surfaces, with automatic ejection 
and specially engineered for easy loading and smooth 
operation, has been developed by the Lapointe Machine 
Tool Company, of Hudson, Mass. It can also be 
equipped with a hopper-feed mechanism for fully 
automatic operation, as shown below, and can broach 
up to 1800 parts per hour. 





The main drive of the machine is coupled to the 
man motor through a shear-pin type of coupling, 
ula pick-off gears and a standard hardened and 
sound worm and bronze worm gear. A second re- 
duction is through helical gearing directly connected to 
the main drive drum, on which segmented sprockets are 
attached. This drum is supported on a heavy roll-away 
straight roller bearing, and has double conical bearings 
for end thrust. A series of individual, self-operating, 
‘elf-locating, self-clamping, and self-releasing fixtures 
makes it necessary for the operator merely to insert the 
Parts into the work nests. Loading of the hopper-feed 
mechanism in the continuous machine is easily effected, 
’ shown in the illustration below. The number of 
ixtures can be varied to meet almost any production 
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demand. Fixtures are guided through hardened and 
ground lateral ways. 

The machine is equipped with a segmented sprocket 
for smooth drive. The sprocket is made in pie-shaped 
segments, removable one at a time. Segments or the 
entire sprocket can be replaced without removing the 
drive chain or fixtures from the machine. A large 
coolant reservoir furnishes an abundance of coolant 
through two separate pumps. One pump supplies 
adequate coolant to the broaches, while the other is used 
for flushing chips from the fixtures and chains into the 
chip trough. The motor, coolant pumps, and control 
panels are all on the outside of the machine for easy 
access. Multiple speeds are provided, for broaching 
speeds from 20 to 40 fpm. A shear-pin coupling 
eliminates trouble from possible overloading and can be 
replaced in a matter of minutes. 


NON-DESTRUCTIVE TESTING TECHNIQUE 


Applied solely to scientific and industrial purposes, 
the ‘“* Magna Scanning ” technique of non-destructive 
testing, developed by the Allis-Chalmers Manufacturing 
Company, of Milwaukee, Wisconsin, makes use of a 
specially developed 22-MV betatron, and combines two 
regularly used industrial radiographic techniques, i.e., 
magnification and scanning. 

The magnification effect is accomplished by direct 
geometrical enlargement, with the film placed at some 
distance away from the specimens. A fine focal point is 
an absolute necessity, as well as a minimum of secondary 
scattering. This magnification technique is used in 
industrial radiography when a considerable increase in 
sensitivity, definition, and detail is desired. Details of 
flaws down to 0-001 in. have been observed. The 
scanning technique is similar to that used in the old 
panorama picture method, in that the betatron is 
rotated during the exposure. The basic requirement is 
that the focal spot must remain effectively fixed in space 
while the betatron rotates, with only the direction of the 
emitted X-ray beam changing. Industrially, scanning 
is frequently used to radiograph long sections, the 
thickness of which does not vary more than 50%. 
It is also applied with outstanding results to repetitive 
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In ways which are increasing rapidly 
Expanded Metal is finding hundreds of 
different uses in the engineering industry. Attrac- 
tive, durable, economical, this versatile mesh metal 
material is made from a solid sheet of rolled sheet metal 
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jobs where a large number of similar pieces is inspected. 

An example of this new technique is illustrated, 
and shows a large radiograph of two rifles. The actual 
rifles used are shown below the radiograph, which was 
made on Eastman industrial type-A film measuring 


40 in. xX 120 in. The target-to-specimen distance was 
4ft and the target-to-film distance was 12 ft, resulting 
ina magnification factor of 3. The scanning arc traversed 
was approximately 40 deg. The film was exposed with- 
out the aid of a cassette, primarily because a 40 x 120 in. 
cassette could not be conveniently handled in the dark- 
room, which, in addition, was not large enough to hold 
the three processing tanks used to develop the film. 
The actual development of the film was carried out at 
night in another room. 

The betatron was raised 16 ft from the floor and 
rotated so that the beam.was directed downwards. The 
two rifles were placed on a stand, 12 ft from the floor. 
The film was placed on a sheet of masonite, 4 ft above 
the floor, and was covered with a sheet of 16-gauge 
rolled sheet steel, which served both as an intensifying 
screen and as a shield from soft secondary radiations. 
The masonite, film, and steel screen were supported in 


| aslightly convex position, in order to ensure good screen 
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ADJUSTABLE MACHINE MOUNTINGS 

As an addition to their wide range of anti-vibration 
mountings, the double-conical adjustable machine 
mounting produced by Howard Clayton-Wright Ltd., 
of Wellesbourne, Warwickshire, has been designed for 
the express purpose of simplifying the task of flexibly 
mounting machines and equipment, whilst at the same 
time creating increased efficiency in machine perform- 
ance. It is constructed from a light-alloy casting, 


, enclosing two rubber elements with frustro-conical 





1GEST 


itner and outer surfaces, which are in turn constrained 
by light-alloy inner members. It utilises rubber in 
combined shear and compression and, as no bonding is 
used in the mounting, it is not subject to failure due to 
overload of the bond. 

This machine mounting possesses numerous 
advantages, many of which have not hitherto been 
available in the field of anti-vibration mountings. Its 
adjustability dispenses with the need for calculating 
the loads, frequencies, and amplitudes of every problem, 
the damper being tunable after installation to its 
Optimum setting for each particular application, by 
simply tightening or slacking the adjusting nut, and 

y locking up when satisfactory isolation has been 
achieved. Furthermore, it eliminates the need for 
heavy and costly concrete foundations, whilst affording 


| 4new mobility during times when machine-shop layout 
| and planning require a swift change-round in order to 
s| Compete with the modern diversity of production 


Programmes. Heavy equipment that has previously 
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been confined to ground level, 
owing to foundation difficulties, 
can now be readily installed in 
upper stories. No holding down is 
required ; the dampers absorb all 
normal machine vibration, with- 
out horizontal creep or movement 
from the original locat icn of the 
unit. 

Each damper is fitted with adjust- 
ing nuts, to facilitate the accurate 
levelling of individual units, irre- 
spective of site conditions, providing 
freedom without restiiction when 
the re-siting of equipment has to be 
effected with the minimum of delay. 
As a result of its double-conical 
formation and of an_ increasing 
spring rate with amplitude, this 
damper is ideally suited for use 
as an anti-shock mounting for 
machinery packaging, and can be fitted prior to trans- 
portation, thus becoming an integral part of the machine. 
The damper is provided with a cover, which protects 
the rubber elements from the ingress of oil, solvents, 
and other foreign matter, and has been developed to 
accommodate loads ranging from 250 to 2500 lb. 


ENDWISE LOCATING FIXTURE 


Simple to operate and effective in action, an endwise 
locating fixture has been developed by The Newall 
Engineering Co. Ltd., of Peterborough, for the location 
of crankshaft journals in their correct relative positions 
to the grinding wheel. Wheelhead-mounted, the 
fixture consists of a bracket carrying a screw adjustment 
for lateral movement of the dial indicator assembly. 
This assembly incorporates a spring-loaded stylus 
which contacts the datum face of the component. 

The fixture can be employed for left-hand or right- 
hand location. A zero position only is shown on the 
dial indicator, and the total movement of the indicator 
is restricted to three-quarters of a revolution. It is not 
possible, therefore, for the operator to locate the 
workpiece incorrectly by being a full revolution out of 
position. The illustration shows a fixture in the setting 
position, after which it is swung through 180 deg., in 
order to be clear of the operator when the wheelhead is 
advanced to the grinding position. 
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AUTOMATIC GEAR-BRUSHING MACHINE 


A machine which should contribute greatly to the 
efficiency and economy of gear-cutting plant is an- 
nounced by the Elgro Machine Tool Co. Ltd., of 
London, N.W.10, a subsidiary of Gem Brushes (Luson) 
Ltd. Hitherto, after gears have been cut, it has been 
necessary for burrs to be removed from the edges of 
the gear teeth by means of hand filing. This is a skilled, 
lengthy, and costly process. The new gear-brushing 
machine eliminates all hand labour by carrying out 
automatically all the operations needed to clean gears 
before the finishing process is commenced. 





The machine consists of a central oscillating spindle, 
upon which the gear to be cleaned is mounted by means 
of a self-clamping mandrel. Surrounding this spindle 
are from four to eight rotary wire brushes (depending 
on the gear to be deburred), each driven by a separate 
motor, with variable speeds adjusted according to the 
material used in the gear. The length of the cycle can 
be controlled in such a manner that up to 25 oscillations 
may be performed per complete working cycle. Larger 
numbers of oscillations can also be provided for, if 
required. When the gear has had all burrs removed, it is 
automatically lifted clear of the brushes. The machine 
can be adapted for all types of gears up to 2 ft in diameter 
and is ideally suited for introduction into existing 
production lines. 


PORTABLE PEAK-VOLT METER 

The measurement and appreciation of the magnitude 
of transient voltages has long been a problem, and 
generally entails the use of cathode-ray oscillographs 
or similar costly equipment. Now, however, it is 
announced by Oliver Pell Control Ltd., of Woolwich, 
London, S.E.18, that, using a thyratron, they have 
developed an easily portable instrument capable of 
rapid measurement of transients from 5 to 35,000 V, 
with an accuracy of 10%. 

In the new instrument, known as the Varley Peak- 
Volt Meter, the incoming transient voltage is fed across 
a large non-inductive potentiometer and the control grid 
of the thyratron is moved up the network until the tube 
is fired. The position at which control is lost, therefore, 
indicates the magnitude of the incoming voltage. The 
meter has a multiplier of 10 main steps, selected by a 
tapping switch on the control grid of the thyratron, and 
a fine control is arranged in the cathode circuit. The 
unit is calibrated from 5 to 35 V on the cathode control, 
whilst the multiplier is stepped up from xX 1 to x 1000. 
In this way, transients in excess of 35,000 V can be 
measured. The thyratron used is of a type chosen for 
stability under temperature variation and has the 
temarkably short ionisation time of 0-5 micro-second. 
Indication of the firing of the tube is given by a small 
neon lamp located between the anode and the cathode, 
ie Jeb” 
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the light being extinguished upon firing. A press-switch 
in the thyratron anode permits the grid to regain 
control. 

Operation of the instrument is simple :—After the 
mains adjuster (A) has been set to the correct mains 
voltage required, the instrument is plugged into the 
mains, and the terminals (B) are connected to the 
magnet or other source of transients to be measured. 
The instrument is then switched on by turning the main 
dial knob (C) fully clockwise and, after one minute, the 
multiplier (D) is set to the estimated order of voltage of 
the transient to be measured. The transient voltage is 
applied and the main dial setting (C) is reduced until 
the indicator (F) is extinguished. The thyratron is reset 
by depressing button (E). The product of the main dial 
reading and the multiplier setting indicates the peak 
voltage of the transient. 


VARIABLE-CAVITY PUMP 

Maintaining a constant volume of flow, despite 
fluctuations in water pressure, is the function of a new 
variable-cavity pump constructed by Hypro Engineering, 
Inc., of Minneapolis. When the pressure in the pump 
reaches a predetermined point, a spring-loaded end 
plate moves outwards, increasing the length of the 
pump cavity and enlarging the clearances between the 
ends of the rotor and the end plate. Increased clearances 
in the pump permit the liquid to re-circulate, reducing 
the maximum pressure of the pump. Pressures can be 
varied in this way from 3 or 4 psi to 75 psi. When 
pressures drop, the end plate is automatically forced in 
by springs to reduce clearances. 





Pump parts are available with either j-in. internal 
pipe thread or external garden-hose thread. The 
hollow-shaft pump will slip directly onto a 3-in. motor 
shaft. Rollers are available in nylon, stainless steel, or 
rubber ; the pump case is bronze. Maximum expansion 
of the pump cavity is 0-005 in. at 75 psi, and 0-015 in. at 
30 psi. The end plate serves as a relief valve, without 
losing the reversible rotation feature of the pump, and 
also compensates for internal end wear. The end plate 
operates like a piston, the internal section being grooved 
and fitted with an O-ring seal to prevent leakage. 
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WRITE OR TELEPHONE 
HILTON & TUCK 
(MOULDS) LTD 


OAKLEY ST. WORKS, 
WEASTE, SALFORD 5. 


PENDLETON 1600 


HILTON & TUCK LTD 


4 HARDING STREET, 
PENDLETON, 
SALFORD 6. 


PENDLETON !817 
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That new hydraulic job 


‘Oh, by the way, Joe, I’ve specified a Savery Pump 
and motor unit on that new hydraulic job. 
‘We'll find it a big saving all round, particularly 
on assembly, and it’s infinitely variable, so we shall 
save on control gear too. 

‘Apart from that, we know from past experience 
that we can rely on them to do what they claim 
they'll do.” 





THE SAVERY PUMP AND MOTOR UNIT 
(Fixed or Variable Delivery) 


Illustration shows one of our Variable Delivery Pump 
and Motor Units, complete with self-cleaning type filter. 


Write for further details to :— 


Thomas Savery Pumps 


LTD. 
BRACEBRIDGE STREET, BIRMINGHAM 6 
Telephone: ASTon Cross 1316 
HYDRAULIC PUMP MANUFACTURERS for 250 YEAR 
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LIQUID-LEVEL CONTROL ELECTRODES 

A range of newly designed high-pressure liquid-level 
control electrodes, series WCC, which will withstand 
pressures up to 4000 psi and temperatures up to 800° C, is 
announced by the Auburn Spark Plug Company, of 
Auburn, New York. All metal parts of the new WCC 
series of electrodes are manufactured of non-magnetic 
stainless steel, and because these electrodes utilise an 
aluminium oxide insulator of over 95% purity, with a 
200,000 psi compressive strength, they are expected to 
replace all old-style mica-insulated liquid-level control 
electrodes now in use. 
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All the new electrodes are equipped with connecting 
nuts for attaching probes of any desired length or shape. 
The shell of the WCC 12 electrode is manufactured with 
a $-in., 24-pitch thread, and the probe is connected by 
means of a }-in., 20-pitch connecting nut. The WCC 
121 is manufactured with a 3-in., 24-pitch thread, but is 
fitted with a 24-pitch connecting nut. The WCC 1138 
is made with a 3-in., dry-seal pipe-threaded shell and 
fitted with a }-in., 20-pitch connecting nut. In addition 
to these standard sizes, these electrodes can be manu- 
factured to individual specifications. 


MICROSCOPE ILLUMINATORS 

Three new microscope illuminators, designed to 
simplify microscope set-up operations for scientists 
and laboratory technicians, are announced by the 
Bausch & Lomb Optical Co., of Rochester, N.Y. 
These three illuminators provide professional quality 
and ease of operation, with such features as knob 
controls for all adjustments, rather than screws or 
clamps. Lamp replacement on all models is particularly 
easy, because the housing design makes the lamp 
readily accessible, according to the manufacturer. 
Replacement lamps are centered automatically, eli- 
minating time-consuming adjustments. Dust-proof 
housings provide low operating temperatures, even 
after hours of continuous use. An exclusive cam- 
actuated tilt control provides a firm housing support, 
regardless of the angle of inclination. 





The most versatile illuminator, the PR-27 research 
model, incorporates numerous lighting adjustments. 
Included is an exclusive parafocal feature which 
eliminates refocusing of the light source when changing 
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microscope objectives. Other design improvements 
permit this illuminator to cope successfully with the 
most complex illumination problems of microscopy and 
photomicrography. This model provides true Koehler 
illumination. 

The PG-26 high-intensity illuminator (illustrated) 
is a simpler model, with provision for focusing from six 
inches to infinity by means of a rack-and-pinion move- 
ment which shifts the lamp socket itself, a unique 
feature in its price range. The high-intensity light 
source permits colour or black-and-white photo- 
micrography, as well as critical microscopy. The 
easily available, concentrated filament lamp provides 
true Koehler illumination. 

The PL-25 general-purpose illuminator is the 
cheapest model in the range, but is designed to the 
same high standards and for the same heavy-duty, 
continuous service as the other models. Use of an 
inexpensive, 60 W daylight, inside-frosted domestic-type 
lamp provides a source of illumination sufficiently 
large to eliminate the need for focusing. 


TWO-WAY CONTROL VALVE FOR BULK 
MATERIAL HANDLING 

As a result of the problem frequently encountered 
in the control of bulk material handling of diverting 
the flow of material from one duct to another, Dallow 
Lambert & Co., Ltd., of Leicester, have recently 
introduced a modified two-way control valve for use in 
dust-control systems. The new device can be used with 
all types of dusts, chippings, wood waste, etc., and will 
operate in any position. 


INLET 











FLEXIBLE 
PLASTIC 
SEAL 


ISOLATED 
wont OUTLET 

Basically, the device consists of a Y-piece con- 
taining a metal chute which can be pivoted to direct the 
flow of gas and material as required. The profile of the 
chute has been designed to present minimum resistance 
to the flow, the flow path through the valve being smooth 
and regular; this fact minimises any tendency for 
build-up of solids to occur in the valve. The branch of 
the valve isolated by the chute is effectively sealed, the 
chute seating on a durable, flexible plastic joint. Where 
fibrous materials are being handled, with the possibility 
of material clinging to the edge of the chute during 
change-over, the flexibility of the plastic joint enables a 
dust-tight seal to be maintained round the obstruction 
until the next change-over allows the material to be 
carried clear. 

The mechanism for operating the valve is spring- 
loaded and can be operated by either hand or remote 
control ; it gives a rapid positive action which prevents 
the chute from taking up a position in which neither 
branch of the valve is sealed. All parts of the valve are 
readily accessible, and consideration has also been given 
to the design of the chute-pivot bearings, which are self- 
lubricating and require no attention. By virtue of its 
simplicity of design and robust construction, the valve, 
which is made in a range of sizes to fit ducting from 4 to 22 
in. in diameter, will give long and trouble-free service. 
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Announcing 
entirely new 
Kopex Conduit 


25% tw 33570 
PRICE REDUCTION! 


This completely new pliable electrical conduit has 
been specially designed to meet the needs of the 
Electrical Trade who require a cheaper conduit. The 
Kopex patented metal and P.V.C. covered conduit 
is the result of months of 
exhaustive experiment and 
research into new designs, 
new methods and materials. 
There is no sacrifice in 
quality or performance, 
yet it represents a saving 
of 25% to 334%. 

















Kopex Patent P.V.C. 
Electrical Conduit is 


Pliable. 


Bent, set and cut 


by hand. 
Send NOW for samples and 
Strong and light prices. 


in weight. 
WITH P.V.C. COVERING 


* Protected against 
corrosion. NLS/I/PVC (Light gauge) 
NLS/2/PVC (Heavy gauge) 
* Fire resisting. 
WITHOUT P.V.C. COVERING 
* Waterproof. 


NLS/I (Light gauge) 
NLS/2 (Heavy gauge) 


(Uni-ruses LTD 


HEAD OFFICE : 
9 SOUTH MOLTON STREET, LONDON, W.1I. 
Telephone: MAYfair 7015 
WORKS : 
ALPHA WORKS, ALPHA STREET, SLOUGH, BUCKS. 
Telephone: Slough 24606 & 25315 


Sole Concessionaires : 











Australia: S. Smith & Sons (Australia) Ltd., 47, York Street, 
Sydney, New South Wales. 
Canada: S. Smith & Sons (Canada) Ltd., Box 96, Station ‘H’, 
Toronto 13, Ontario, Canada. 
S. Africa: Falks Electrical Supplies (S.A.) (Pty) Ltd., 17, Heidelberg Rd., 
Village Main, Johannesburg, S. Africa. Factory, Roodeport. 
U.S.A. : Titeflex Inc., 500, Freylinghuysen Avenue, Newark 5, 


New Jersey, U.S.A. 
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‘Of course, alll this 
will be in rubber... 


For over a century when a problem 
like that has arisen, men responsible 
for production planning and buying 
have thought at once of P. B. Cow. 
Knowing the vast resources of the 
P. B. Cow organisation were always at 
their service. 

Today, we are proud to offer an 
unparalleled service to every industry. 
A large team of experts, experienced in 
the latest and most up-to-date methods 
of production, is available to solve 
your problem. Experts who will bring 
to the job all the knowledge acquired 
in advising and supplying leading 
companies the world over. 

So whenever you have a problem 
that concerns rubber, write or phone 
for one of our technicians to call. He 
will be fully qualified to help and 
advise you. 


... get in touch 


with P, B. COW 


RUBBER THAT IS RUBBER 


P. B. Cow & Company Ltd., Rubber Manufacturing 
Industrial Division: 


Specialists for every Industry. 
470 Streatham High Road, London, S.W.16. 
Phone : Pollards 4481. 


THE ENGINEERS’ 


P. B. COW SERVE 


Agriculture 

Dairy 

Motor Car 

Radio 

Television 
Shipbuilding 

Public Utilities 
General Engineering 
Pharmaceutical 


WE SPECIALISE IN: 


Production of 
Rubber to Metal 
bonded parts, Anti- 
vibration and Resilien! 
Mountings, Oil Seals, 
Handmade Fabricated 
Parts, Proofed Fabrics 
in Natural or 
Synthetic Rubbers 
for every purpose, a 
Air Buoyancy work 
of all descriptions. 
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NEWS OF THE MONTH 














PERSONAL 


Mr. A. O. Bluth, vice-chairman and joint managing director of 
the Jack-Olding Organisation and a director of Vickers Armstrongs 
Ltd., has been elected to the Board of Vickers Ltd. 


Mr. David Bruce, managing director of British Polar Engines 
Ltd., Govan, Glasgow S.W.1, and Mr. H. O. Hinton, commercial 
director of Associated British Engineering Ltd., 9/10 Cavendish 
Square, London W.1, have been elected to the Board of H. Widdop 
& Co. Ltd., Keighley. 

Mr. J. P. Clifton, A.C.G.1., A.M.LE.E., deputy manager 
since 1935, has been a manager of the Contract Department 
at the Witton Works of The General Electric Co. Ltd. 


Mr. Thomas P. Collier, of Chicago, Illinois, has been appointed 
sole representative in the United States and will be responsible for 
liaison between the American industry and the Plessey Co. Ltd., 
Ilford, Essex, for the servicing of present and future licensing 
contracts. 

Mr. W. B. G. Collis, M.B.E., T.D., B.Sc., A.C.G.L, 
A.M.LE.E., A.I.Loco.E., has been appointed manager of the 
Traction Department of The British Thomson-Houston Co. Ltd., 
Rugby, in succession to the late Mr. E. T. Hippisley. 


Mr. O. L. L. Fitzwilliams, B.A.(Cantab.), A.F.R.Ae.S., 
has been appointed chief engineer of Westland Aircraft Ltd., 
Yeovil, Somerset. Mr. P. E. Q. Shunker, B.Sc.(Eng. ), 
AF.R.Ae.S., has been a chief designer for helicopters 
and fixed-wing aircraft. Mr. W. D. Murray, F.R.Ae.S., has been 
appointed engineering manager. 

Mr. W. D. C. Goldie, A.M.I.Mech.E., assistant chief engineer, 
has been appointed chief engineer and general manager of the 
National Boiler and General Insurance Co. Ltd., St. Mary’s 
Parsonage, Manchester 3, in succession to Mr. W. F. Pearce, 
Mech.E., who is retiring. 

Mr. J. Hanson has been appointed chief superintendent of the 
Aeroplane and Armament Experimental Establishment, Boscombe 
Down. Mr. C. Dunbar has been appointed deputy chief engineer 
(tracked vehicles) of the Fighting Vehicles Research and Develop- 
ment Establishment, Chertsey, Surrey. 

Mr. J. R. Harding, B.Sc.(Eng.), M.I.E.E., hitherto assistant 
general manager, has been appointed general manager of Pirelli- 
General Cable Works Ltd., in succession to Mr. W. W. Wood, 
A.M.Inst.C.E., M.LE.E., who retired, but remains a director of the 
company. 

Mr. Clifford Hollowell, A.R.Ae.S., has been appointed 
publicity manager in the commercial division of D. Napier & Son 
Ltd., London W.3, in succession to the late Mr. A. V. Bellamy. 


Mr. E. A. Hyde, M.L.1.A., financial director of Wickman Ltd., 
Tile Hill, Coventry, since 1945, has been appointed deputy managing 
director of the company. Mr. W. V. Hodgson, M.I.P.E., who has 
been general manager of the Machine Tool Division since 1949 
and has served on the Board since 1953, has been appointed assistant 
managing director. 

Mr. P. L. Jones, M.C., B.Sc., Wh.Ex., M.I.Mech.E., director 
of Swan, Hunter and Wigham Richardson Ltd., Newcastle-on-Tyne, 
and of Wallsend Slipway and Engineering Co. Ltd., Wallsend-on- 
Tyne, has been elected President of the Institution of Mechanical 
Engineers. Mr. H. Desmond Carter, M.I.Mech.E., managing 
and engineering director of Crossley Brothers Ltd., Openshaw, 
Manchester, and Mr. G. Varley, B.Sc., M.I. Mech. E., chief 
engineer and consultant of Dodd Investments Ltd., Oldham, have 
been elected vice-presidents. Mr. H. Norman G. Allen, M.A., 
joint managing director of W. H. Allen, Sons & Co. Ltd., Bedford ; 
Mr. R. C. Bond, chief mechanical engineer, British Railways Central 
Staff, British Transport Commission; Dr. T. W. F. Brown, 
research director of Parsons and Marine Engineering Turbine 
Research and Development Association, Wallsend; Mr. G. B. R. 
Feilden, M.A., engineering director of Ruston and Hornsby Ltd., 
Lincoln ; Major-General W. A. Lord, C.B., C.B.E., M.Eng., 
director of mechanical engineering, War Office, and executive head of 
the Corps of Royal Electrical and Mechanical Engineers; and 
Dr. W. Ker Wilson, Wh.Ex., chief research engineer of de Havil- 
land Engine Co. Ltd., Edgware, Middlesex, have been elected to the 
Council. Mr. P. McGregor Ross, B.A., chief engineer of the Gas 
Turbine Department, C. A. Parsons & Co. Ltd., Newcastle-on- 
Tyne, has been elected associate member of the Council. 


Mr. A. Kendall, lately chief television purchasing officer of the 
English Electric Co. "Litd., Liverpool, has joined the Igranic Electric 
Co. Ltd. new radio and television component factory at Brom- 
borough, Cheshire, as radio buyer. 

Lord Kershaw, O.B.E., J.P., has been elected chairman of 
High-Pressure Componems Ltd., 139 Kensington High Street, 
ondon W.8, and of Sun Engineering (Richmond) Ltd., members of 
the Group formed by Mr. H. W. Bowen, O.B.E., M.I.Mech. E., 
formerly managing director of E.M.I. Factories Ltd. Mr. Bowen 
will continue as deputy chairman of the Group and managing 
ector of High-Pressure Components Ltd., whose general manager 
is Sir Wolstan Dixie. 

Mr. W. J. Knight, M.B.E., has been appointed deputy engineer- 
in-chief of Cable and Wireless Ltd., Electra House, Victoria Em- 
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bankment, London W.C.2, in succession to Mr. E. B. Dillow. 
Mr. R. L. Saunders and Mr. D. Scott have been appointed 
assistant engineers-in-chief. Mr. Saunders is in charge of the 
company’s developing laboratory and production unit at Radio 
House, Wilson Street, London E.C.2. Mr. Scott is responsible for 
the operation of the company’s network and wireless circuits. 

Mr. Peter Masefield, M.Inst.T., chief executive officer of 
British European Airways, Keyline House, Northolt, has been 
elected President of the Institute of Transport, 80 Portland Place, 
London W.1, in succession to Sir Gilmour Jenkins, K.C.B., 
K.B.E., M.C., M.Inst.T. 

Mr. J. P. A. Meldrum, O.B.E., B.Sc., M.LE.E., home sales 
manager, and Mr. R. H. S. Turner, M.A., M.LP.E., works 
manager, Trafford Park Works, have been elected to the Board of 
ie -Vickers Electrical Co. Ltd., Trafford Park, Manchester 


Mr. Leonard G. Packham, overseas general manager of C. C. 
Wakefield & Co. Ltd., 46 Grosvenor Street, London W.1, has been 
elected to the Board. He is also a director of C. C. Wakefield & Co. 
(Ireland) Ltd. and Castrol Oils (Canada) Ltd. and a member of the 
council of advisers of the company’s German and Austrian associates. 

Mr. D. F. Pickering, A.M.I.Mech.E., has been appointed 
assistant sales manager of J. and H. McLaren Ltd., Leeds. 

Mr. H. P. Potts has been elected President, Mr. J. C. Robinson 
vice-president, and Mr. G. E. Hickman hon. treasurer, of The 
Machine Tool Trades Association, Victoria House, Southampton 
Row, London W.C.1. In addition, the following members have 
been elected to the Executive Committee :—Sir Alfred Herbert, 
K.B.E., Sir Greville S. Maginness, K.B.E., Sir Lionel Kearns, 
C.B.E., Sir Holland Goddard, Mr. J. B. S. Gabriel, Mr. Robert 
W. Asguith and Mr. R. D. G. Ryder, Past Presidents, Col. 
C. W. Clark, D.S.O., O.B.E., M.C., Mr. E. W. Field, O.B.E., 
Mr. T.N. Woof, M.C., Mr. N. W. S. Catmur, Mr. J. C. Robinson 
and Mr. J. F. Phillips. The Machine Tool Manufacturers’ Section 
elected the following Members :—Mr. J. Archdale, Col. C. W. 
Clark, D.S.O., O.B.E., M.C., Mr. E. W. Field, O.B.E., Mr. 
Keppel F. Massey, Mr. J. C. Snow, Mr. J. W. Butler, Mr. W. P. 
Eastwood, Mr. S. J. Harley, Mr. Mark H. Taylor, Mr. F. E. 
Wand, Mr. B. E. Cash, Mr. J. B. Lang, Mr. E. O. Liebert, 
Mr. J. G. Petter and Mr. H. P. Potts. 
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FIRE BARRIER"! 
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The Meta Mica system of fire 
cladding gives a very high 
degree of protection, yet is 
economical and easily applied. 
Adaptable to all types of steel 
structures, providing fire pro- 
tection so essential in stores, 
flats and industrial plant where 
fire risk is high and where dis- 
tortion or collapse of steelwork 
under the action of heat would 
have disastrous consequences. 
Send for leaflet KH.24. 


Meta Mica —— pseccagy ogy 2 —e steelwork M ET AM IC Au 
CHAPEL FIELD WORKS, DUKINFIELD, CHESHIRE FIRE 
Subsidiary Company of William Kenyon & Sons Ltd. CLADDING 


Manufacturers of Building Insulation. 
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STEELWORK 
This power station for the British Electri- } 
city Authority at Goldington, Bedford, 
is of all-welded, rigid frame construction 
incorporating box-section columns. 
Total weight of Steel 3750 tons. 
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Illustration immediately to right shows 37 ft. 
top length of stanchion weighing 5} tons. 











Consulting Engineers: Messrs. Merz & McLellan 
in conjunction with Sir Alexander Gibb & Partners. 


JOHN BOOTH & SONS (BOLTON) LTD. Cy 
HULTON STEELWORKS . BOLTON er . 


Tel.: BOLTON 1195 London Office: 26 VICTORIA ST., WESTMINSTER, S.W.1_ Tel.: ABBey 7162 
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Mr. D. J. C. Robertson, A.M.I.Mech.E., has been appointed 
production general manager of Metropolitan-Cammell Cartiage and 
Wagon Co. Ltd., Saltley, Birmingham 8, in succession to the late 
Mr. Norman Haddon. Mr. Robertson has also been elected to the 
Board of Metropolitan-Cammell-Weymann Ltd. 

Mr. D. J. Saunders, B.Sc.(Eng.), A.F.R.Ae.S., formerly a 
principal scientific officer in the Rocket Propulsion Department of 
the Ministry of Supply, has joined the Compoflex Co. Ltd. as chief 
development engineer (Hydraulics). 

Mr. W. U. Snell, M.I.Mech.E., has been appointed executive 
assistant to Air Commodore F. R. Bank, director of The Bristol 
Aeroplane Co. Ltd. 

Mr. H. E. Turner has been appointed home sales and service 
manager of The Parsons Engineering Co. Ltd., Southampton. 

Mr. W. Charles Waghorn has been elected President of the 
British Plastics Federation, in succession to . F. Merriam. 
Mr. A. E. Skan has been re-elected chairman, Mr. Cc. C. Last, vice- 
chairman, and Mr. H. W. Graesser-Thomas, honorary treasurer. 

Mr. F. L. Waring has been appointed managing director of 
Coalite and Chemical Products Ltd., Chesterfield, and its subsidiary 
companies, the Doncaster Coalite Ltd., The Derbyshire Coalite 
Co. Ltd., and The British Diesel Oil and Petrol Co. Ltd. Sir Cyril 
Entwistle, Q.C., a director of the parent company, has been elected 
to the Board of the subsidiary companies. 

Mr. G. M. Wells, London manager since 1939, and Mr. I. G. 
Hopkinson, works manager since 1947, have been elected directors 
of Hopkinsons Ltd., Huddersfield. 

Dr. E. G. Woodroofe has been appointed head of the Research 
Division of Unilever Ltd., Unilever House, London E.C.4, in 
succession to Dr. H. J. Channon who has resigned. Mr. J. A. 
Connel, a director of Unilever Ltd. and Unilever N.V., will be 
responsible for the Research and Technical Divisions. 

Mr. E. Yeeles, M.I.Mech.E., has been appointed works director 
of Laurence, Scott and Electromotors Ltd., Norwich. 


A.E..—JOHN THOMPSON ATOMIC ENERGY GROUP 

As a result of the decision by the United Kingdom Atomic 
Energy Authority to make available to industry their specialised 
knowledge and experience in the design and construction of atomic 
power stations, a group of nuclear physicists, engineers and boiler 
technicians has been formed to study the problems involved in the 
design of larger and more powerful atomic power generating stations. 
This group has been assembled from skilled and experienced staff 
from several of the greatest firms in the country. It will be known 
as the A.E.I.—John Thompson Atomic Energy Group. 

Prominent in the team are technologists from the Tae Thompson 
Group of companies, centred upon Wolverhampton, one of the 
largest designers and manufacturers of boilers and steam generating 
plant for power stations. Others of the team have been contributed 
by Metropolitan-Vickers, Manchester, and B.T.H. Rugby, who 
specialise in steam turbines and electrical generating plant. 

The group has already taken over new premises in the Man- 
chester area and has started work upon the study and design of 
projects more ambitious than the Calder Hall atomic power station 
in Cumberland. The object is to reduce capital cost of such plants 
and increasing their output of atomically-generated electrical energy. 
The team will work in close collaboration with the United Kingdom 
Atomic Energy Authority. These projects will play a great part 
in the proposals to spend £300,000,000 in building twelve nuclear 
power stations in Great Britain during the next decade. 

There are many new engineering and metallurgical problems 
associated with nuclear reactor design and the team will not itself 
undertake the extensive experimental and research work which will 
be necessary. The extensive research facilities existing at the 
Metropolitan Vickers Works, Manchester, B.T.H. Works, Rugby, 
and those of the John Thompson Group at Wolverhampton, are 
being employed to solve these problems, and in addition valuable 
assistance is being provided by the United Kingdom Atomic Energy 
Authority in this new field. 


TESTING OF ATOMIC POWER STATION PLANT 

One of the most unusual and interesting techniques now being 
devised to solve problems in the testing of atomic power station 
plant and equipment was carried out recently at Calder Hall, the 
world’s first full scale atomic power station. It was an engineering and 
metallurgical operation probably unique because of i its magnitude. 

he problem was how to “ stress relieve ’’ the “‘ reactor casing ’ 
—a huge cylindrical vessel made by Whessoe Ltd., of ans 
forty feet in diameter, sixty feet high and weighing four hundred 
tons. There was no gas heated furnace sufficiently large to take 
this vessel, so the decision was taken to heat it electrically. 

A network of stainless steel tubing two thousand feet in length 
was installed inside the vessel. A heavy electric current was passed 
through this framework which was raised to red heat. The inside 
of the vessel thus became one enormous electric fire—the largest 
electric heater ever used and the equivalent of 1500 single unit 
domestic fires. Special —— had to be made to make 
available the 1500 KW needed for this. 

It took several days to raise the temperature of the steel walls of 
the vessel to the required temperature, at which the vessel was 
Maintained for some hours to complete the stress relieving operation. 

hereafter it was allowed to cool down very gradually to normal 
temperature. 

In order to conserve heat and, even more important, to ensure 
that the thick steel shell reached a uniform temperature at all 
Points, the whole of the outer surface of the vessel was covered with 
insulating material several inches thick. 

Months of careful calculation and planning gave the Whessoe 
engineers confidence that the operation would be successful, as in 
fact it was. The great reactor casing is now ready for its final test 
by air pressure. 
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WORKING MODEL OF AN ATOMIC PILE 
The United Kingdom Atomic Energy Authority has lent to the 
Science Museum a large working model showing the “ B.E.P.O.” 
Atomic Pile, the larger of the two pioneer atomic piles set up at 


Harwell. This pile went into operation in July, 1948, and is used 
for research purposes and for “‘ cooking ” the radioactive isotopes 
which are now so widely used in medical research and treatment, 
in agricultural research and in industry 

The model goes through a pom cycle of operations in five 
minutes and shows the working of the control and shut-down rods 
which govern the heat output of the pile, and the movement of the 
hoist for loading uranium rods into the pile. These uranium rods 
are the “fuel “ which supplied the energy to operate the pile ; 
during its operation some of this is “‘ burnt up ”’ and the rods become 
contaminated by the products of the burning. They have to be 
processed to remove the fission products, hence the need for replac- 
ing them, 

The model is on view in a recently opened ground floor gallery 
of the Museum, which is open on weekdays from 10 a.m. to 6 p.m. 
and on Sundays from 2.30 to 6 p.m. Admission free. 


ALUMINIUM IN SHIPBUILDING 
A Joint Symposium on the Use and Welding of Aluminium in 
Shipbuilding is to be held in London at the Institution of Naval 
a on 7 and 8 December, 1955. 

An Organising Committee has been established, representing 
the Institute of Welding and the Institution of Naval Architects, 
the British Shipbuilding Research Association, the British Welding 
Research Association and the Aluminium Development Association. 

The Secretary of the Symposium is Mr. G. Parsloe, the Secretary 
of the Institute of Welding. 


FEROBESTOS TECHNICAL PLASTICS 

For over fifty years the name of Ferodo has been associated with 
the production of friction linings. This long study of friction and 
frictional characteristics formed an ideal background in developing 
Ferobestos technical plastics, anti-friction materials of great mechani- 
cal strength, high resistance to heat, chemical action and abrasion, 
and very light weight. 

Practically all the major industries in Britain use Ferobestos 
products in some stage of their manufacturing processes. 

In view of the expansion needed to dea! with requirements for 
friction products it has been decided to transfer the sale and manu- 
facture of Ferobestos to J. W. Roberts Limited, specialists in 
engineering and structural application of asbestos, who will set up 
a new department entirely devoted to the development of Ferobestos 
technical plastics. Ferodo Limited and J. Roberts Ltd. are 
members of the vast Turner & Newall Limited asbestos organisation. 









gross net) tool clips in the same material and 
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—say when! There are lots of variations on the same theme and 


if it isn’t in stock we can soon make it. 


with Lewis of Redditch today. 





LEAVE IT TQ 


OF REDDITCH 


SPRING CLIPS 
sSWORK. SPRINGS 














Better get in touch 


To help your design —- 
ment, The Lewis Spring Com- 
pany offer a 40-page booklet 
on spring design, full of tech- 
nical data. 2/6d. post free. 


THE LEWIS SPRING CO. LTD. 
RESILIENT WORKS, REDDITCH 
Phone: Redditch 720/1/2 
London Office : 321 High Holborn,W.C.1 
Phone: Holborn 7479 & 7470 
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exhibition 


of 
ourselves 


. in the strictest sense, of 
A course. We will be found 
on Stand 25 at the Compon- 
ents Show, showing repre- 
sentative items from our 
d famous Standard Range of 
i metal housings—tracks, 
i cases, control consoles and 
cabinets: not forgetting 
standard accessories. 





































What else? Of particular 
interest are the new stand- 
ards. You can inspect them, 
you can touch them and you 
can question, on the spot as 
it were. 








So make a note of it: the 
R.E.C.M.F. Exhibition, 
Grosvenor House, Park 
Lane, W.1, from Tuesday, 
the roth April, to Thursday, 
the 21st April, 1955—Stand 


25. 


And if you can’t wait, there’s 
a permanent exhibition on at 
our showrooms in New 
Oxford Street. You’re always 
welcome ! 





for 
worthwhile cases, 
racks, consoles and cabinets 


MUSeum 7878 





IMHOFS 


ALFRED IMHOF LTD. 
Dept. K2, 112-116 New Oxford St., London, W.C.! 
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» PAINTS 


do much 
to 
prevent 






CORROSION 


Rust and corrosion are the greatest 


menaces to metal surfaces and can only 
be prevented by the application of a 
first-class priming paint while the 
metal is in new condition. 

The Walpamur Company Limited 
make priming paints especially formu- 
lated for this 
informative leaflet descriptive of them 


purpose and an 


will be sent in response to a postcard 
to Publications Department, The 


Walpamur Co Ltd, Darwen, Lancs. 





BY APPOINTMENT 
PAINT AND WATER PAINT MANUFACTURERS TO THE LATE KING GEORGE V! 


THE WALPAMUR CO LTD 
DARWEN & LONDON 


Makers of Paints, Enamels, Varnishes 
and Industrial Finishes of all types. 
ell 
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The new arrangements which will provide improved facilities 
and service for Ferobestos users came into effect from the 12th 
April, 1955, and from this date the Ferobestos Sales Department of 
J. W. Roberts Ltd., Chorley New Road, Lostock, Bolton, will deal 


with all matters appertaining to Ferobestos. Branch Offices are 
situated at London, Birmingham, Leeds and Glasgow. 

Some idea of the versatility of Ferobestos may be gauged by the 
variety of industries which regularly use these products. The heat 
resistance and durability of Ferobestos has proved of great advan- 
tage in the Steel Industry which is supplied with many articles 
varying from small bushes on roller conveyors to massive rolling 
mill bearings. As these plastics are inert to most industrial chemi- 
cals many new uses have been found by chemical manufacturers, 
linings for vats and tanks, filters, acid trays, pump bearings, parts, 
etc., and the combination of electrical resistance and mechanical 
strength makes Ferobestos an ideal material for many electrical 
applications on which track circuit insulators, control gear bearings 
and structural insulation are examples. 

Practically any liquid is a suitable lubricant for Ferobestos and 
this is of considerable advantage in many industries, as is instanced 
by marine applications for stern tube bearings, rudder post bearings 
and other sea water resistant parts. The lightness of the material 
makes a particular appeal to aircraft manufacturers who make use 
of it for flooring, bearings, pulleys and numerous other parts. 
General engineering and automotive applications are too numerous 
to list and new uses are continually being discovered. 


BUSINESS NOTES 


The Association of Public Lighting Engineers has moved to 
17 Victoria Street, London S.W.1. Tel. No.: ABBey 4281. 


Carter Gears Ltd., Thornbury Road, Bradford, are now 
represented in Australia by T. K. Steanes & Son Pty. Ltd., 418 
Military Road, Mosman, N.S.W., Australia. 


The Butterley Co. Ltd. have moved their London offices to 9 
Upper Belgrave Street, S.W.1. Tel. Nos.: SLOane 8172 and 9106. 


The Aerograph Co. Ltd. haved moved their sales division to 
47 Holborn Viaduct, London E.C.1. 


The Dowty Group Ltd., Cheltenham, have acquired the busi- 
ness of Davis, Wynn and Andrews, manufacturers of scientific 
instruments. 


The Moxey Conveyor and Transport Co. Ltd. have moved 
to new premises at 5 Wellington Street, Glasgow. Tel. No.: Central 
5535 


George Salter & Co. Ltd., West Bromwich, are transferring 
their light spring manufacturing activities to a new plant in Spring 
Road, Spon Lane, Smethwick, Birmingham. 


Dewrance and Co. Ltd. have granted an exclusive licence for 
the manufacture of its valves to Ateliers Jaspar S.A., Liege, Belgium. 
The valves will be marketed under the trade name “ Jaspar- 
Dewrance.” 


The Loewy Engineering Co. Ltd. have moved to Wallisdown 
Road, Bournemouth. Tel. No. : Winton 5000. The London office 
——— - Mansfield House, 376 Strand, W.C.2. Tel. No. : TEMple 

ar 9881. 


Thorn Electrical Industries Ltd., 105/109 Judd Street, 
London W.C.1, have acquired new factories at Pallion Estate, 
Sunderland ; Great Cambridge Road, Enfield, Middlesex ; and at 
Uxbridge, Middlesex. 


Flight Refuelling Ltd., Blandford, Dorset, are planning the 
manufacture in Canada of their range of aircraft pressure refuelling 
components. They will operate through their subsidiary company, 
= Refuelling (Canada) Ltd., 922 King Street West, Toronto, 

ntario. 


Norris Brothers Ltd., Haywards Heath, Sussex, have opened 
an additional drawing office at 53 Victoria Street, London S.W.1. 
Tel. No.: ABBey 5444. 


The Wharton Crane and Hoist Co. Ltd., Reddish, Stockport, 
have opened a London office at Lincoln Chambers, Portsmouth 
Street, W.C.2, under the management of Mr. K. A. Bowman. 


The British General Electric Co. (Pty.) Ltd. have opened 
new offices, showrooms, workshops, stores and sales department in 
Gale Street, Durban, South Africa. 


The Spencer Wire Co. Ltd., Wakefield, Yorkshire, acquired in 
January last the plant and business of the Midland Expanded Metal 
Co. Ltd., Tipton, Staffordshire. This has now been transferred to 
the head office and works, Thornes Wire Mills, Wakefield. The head 
sales office is situated at 53 Victoria Street, London S.W.1. Tel. 
No. : ABBey 6373. Mr. J. B. Liddell, a director of the company, 
is in charge of sales. 


The English Electric Co. Ltd. have acquired the whole 
business and plants of The Vulcan Foundry Ltd. and of Robert 
Stephenson and Hawthorns Ltd. 


Cable and Wireless Ltd., Electra House, Victoria Embankment, 
London W.C.2, have opened a training centre for their Far East 
telecommunications network at Electra House, Hongkong. Mr. A. F. 
Sutcliffe is instructor-in-charge of the new school. 


The Arc Manufacturing Co. Ltd. announce that their new 
address is now 15 Hercies Road, North Hillingdon, Middlesex. 
Tel. No.: Uxbridge 5136. 


Charles Henderson & Co. Ltd., 73 Robertson Street, Glasgow 
C.2, have been appointed sole agents for Scotland for power trans- 
Mission equipment manufactured by Twiflex Couplings Ltd. 
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_ Burton, Griffiths & Co. Ltd., Mackadown Lane, Kitts Green, 
Birmingham 33, have been appointed sole agents for the whole range 
of machine tools, with the exception of gear hobbing equipment, 
manufactured by Schiess A.G., Dusseldorf, for the United Kingdom, 
Northern Ireland and Eire. 


William Sugg & Co. Ltd., Vincent Works, Regency Street, 
London S.W.1, and the Solar Aircraft Co., of San Diego, 
California, U.S.A., have formed a new company, Sugg Solar Ltd. 
to manufacture in England the Solar Mars 40/60 hp gas turbine 
engine. The gas turbines will be manufactured for both military and 
industrial uses at Crawley, Sussex. The Board of the new company 
includes Mr. R. W. Young, chairman, Mr. W. T. Mattock, managing 
director, and Mr. C. C. Penfold, sales director, of William Sugg & Co. 
Ltd., and Mr. Patrick Johnson and Mr. Christopher Dykes, to 
represent the Solar Aircraft Company. 


Turbomachines Ltd., a new company, has been formed to 
undertake the design of any kind of turbomachine and to act as 
consultant in the design, development and manufacture of axial and 
centrifugal compressors and gas turbines. Mr. J. C. Barr, B.Sc., 
and Mr. J. C. Grey, B.Sc., A.M.I.Mech.E., until recently senior 
consultants with Power Jets (Research and Development) Ltd., are 
directors of the new company, whose address is 17 Station Road, 
Egham, Surrey. Tel. No. : Egham 3120. 


Brush Electrical Engineering Co. Ltd. have established a 
section at their Loughborough works to study the special require- 
ments of electricity generating stations powered by nuclear energy. 
This section will be under the direction of Mr. J. H. R. Nixon, 
M.I.E.E., M.I.Mech.E. 

The company has already developed and supplied specialised 
electric motors in large quantities for the use of the Atomic Energy 
Authority in some of their current operations. Further development 
work is in progress in connection with the design of auxiliary 
equipment for application to large power schemes. 


The Timken Roiler Bearing Company, Canton 6, Ohio, 
announce plans to construct a rock bit producing facility at its St. 
Thomas, Ontario, plant. It is estimated rock bit production will get 
started around September 1955. 

Carbide insert rock bits will be produced at the St. Thomas 
plant in sizes up to three inches in diameter for the expanding Cana- 
dian markets and export trade. The St. Thomas rock bit plant will 
bs = operation with the forgings supplied from the Wooster 

teel Mill. 


“The Strength of Copper Tubes and Cylinders,” In this 
new C.D.A. booklet are considered the effects of working conditions, 
and, after referring to recently published research work, guidance is 
offered on design principles. It is hoped that a better understanding 








Just 
ONE----- 


of those 
little things 


The little thing is the annealed copper ring that 
makes joints gasproof — even under hundreds of 
pounds pressure to the square inch ! 
In actual fact, a WADE COUP- 
LING stood up to 5,400 Ibs. per 

sq. in. before it blew apart. This 
test was conducted by the Test- 

ing and Experimenting Works 

of David Kirkaldy & Son. 


WADE 
couplings 


State size and type of coupling required for a FREE TEST. 


WADE COUPLINGS LIMITED 


47-51 FEATHERSTONE STREET, LONDON, E.C.I 
Telephone: CLErkenwell 0732 
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WADE STRAIGHT 
COUPLING copper 
to female thread }” O.D. 
to }” O.D. 
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One client orders 100 
after trial test! 


Handles solids with minimum air leakage 







Precision-built MIKRO 
AIRLOCK with guard 
partially cut away to 
show drive. 





























The mrxro Airlock is a precision-built rotary valve which provides continuous loading or un- 
loading from a chamber under slight pressure or vacuum. Used at the discharge end, it provides 
absolute assurance against dusting since no air can be blown out with the materials. 
New vanes of various compositions to meet your needs keep material from binding the rotor, 
provide longer wear and lower maintenance costs with less replacements. Will not bind 
even with resinous materials. 
ALL BEARINGS EXTERNAL. The mixro Airlock is ideal as a feeder, controlling feeds 
to mixers, blenders, pulverisers, dryers, tanks, bins and various types of processing equipment. 
It will handle granular or powdered materials at a pre-determined rate. 
Under proper operating conditions, the mrxro Airlock will stand pressures of 20” to 22” of 
water with leakage of approximately 20 cfm. It is extremely efficient and has applications on 
various jobs involving discharge of material from a storage tank or hopper where a differentia] 
, pressure across the Airlock will be encountered. 
oe hang —_ material from The mrxro Airlock is normally equipped with a standard 1/4 h.p. motor and V-belt drive. Ad- 
aptable for many applications where it is desirable to unload or discharge material continuously. 


Exclusive Manufacturing Licensees for 
PULVERISING MACHINERY CO., SUMMIT, NEW JERSEY, U.S.A. 


MIKRO-A jesse =BRAMIGK & COMPANY LIMITED 
Toi MIKRO HOUSE, 15 CREECHURCH LANE, LONDON, E.C.3 


“Flea 








*»Phone: AVENUE 4822/3 . 
’>Grams: BRAMIGK, FEN, LONDON Cables: BRAMIGK, LONDON 











PVC is a non-corrosive 
material resistant to 
most acids and chemi- 
cals. Light in weight, 
strong, non-inflamable, 
structurally permanent. 
These qualities make it 
ideal for Fume Extrac- 
tion systems and for 
lining storage or pro- 
cessing tanks. 





Telephone: Telegrams: 
SMEthwick Grifoven, 
1571-2-3-4-5 





Smethwick 
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of the relevant properties of the metal will lead to more efficient and 
more widespread uses of copper for pipe lines and cylinders. 

The booklet is well illustrated and includes a bibliography, a 
list of British Standards and some alignment charts. It is available 
free on application to the Copper Development Association, Kendals 
Hall, Radlett, Herts. 


CONTRACTS 


Contracts to the value of some £200,000 have been placed with 
The General Electric Co. Ltd., by the Metropolitano de Lisboa, 
S.A.R.L. (Lisbon Metropolitano Society) for power supply, ven- 
tilating and pumping equipment for the Lisbon Metropolitano, the 
first underground railway in Portugal. The contracts were gained 
in the face of intense Continetal competition, and are the only ones 
awarded to a British manufacturer in connection with this scheme. 

The Metropolitano will be a 4 ft 84in. gauge railway operating 
at 750V D.C., and will be constructed mainly on the cut-and-cover 
system, although short sections will require tunnelling. Stage 1 of 
the project, for which the present contracts have been placed, involves 
the line from Restauradores to Entre Campos, and a branch from 
Rotunda to Sete Rios with a spur to the workshops, a total of some 
4.3 route-miles, The planned total mileage of the system so far is 
11.97 route-miles, and extensions which would bring the total to 
25.7 route-miles are in view. 

At the main substation, where power is taken at present from the 
supply undertaking at 10kV, the G.E.C. is supplying a 7-panel 
10kV oil circuit breaker switchboard, a 1,000 kVA, 10kV/3kV trans- 
former, and an 11-panel 3kV switchboard for controlling supplies 
to auxiliary services. 

Standby auxiliary power will be provided by a 1,000 hp diesel- 
alternator set comprising a 1,000 hp Ruston/Paxman 12YLX 
engine coupled to a G.E.C. alternator. 

At the traction substation for the first section of the line there 
will be two 750kW pumpless air-cooled steel tank rectifier equip- 
ments with transformers. The complete A.C. and D.C. switchgear 
installation at the substation is also being supplied by the 
Pirelli-General paper-insulated, steel-wire armoured H.T. cables 
will be provided for the 10kV feeders to the main substation and 
through the tunnel to the traction substation; and 3kV cables for 
auxiliary services throughout the line. The contract includes 
lighting and ventilation at the main substation, and ventilation at 
the traction substation. 

The G.E.C. will also be responsible for the supply and erection 
of the complete ventilation system for the tunnels and the eleven 
stations in the first stage of the scheme, and for the pumping system. 
Woods of Colchester Ltd., 2 G.E.C. subsidiary, will supply double- 
duty axial flow fans driven by two-speed squirrel cage motors for 
installation at seven ventilation points. Barrett & Wright Ltd. of 
London will be the main sub-contractor to the G.E.C. for the 
equipment at 13 pumping stations, where the immersible centrifugal 
pumps will be supplied by Lee Howl & Co. Ltd. of Tipton, Staffs., 
and the driving motors and control switchgear by the G.E.C. 


Heenan & Froude Ltd., Worcester, have received a contract 
from the Royal Swedish Air Force to supply one of their latest jet 
engine test plants. This plant will consist of engine thrust cradle 
(rating 15,000 lbs. maximum thrust), jet pipe support, engine 
auxiliary loading gear, starting equipment, etc. Equipment to be 
supplied by Heenan & Froude also includes remote thrust measuring 
gear, engine controls and complete instrumentation of the main con- 
trol panel and fuel cubicle. The design is based on the “ F ” type 
cradle as exhibited at Farnborough last year. 


The Irag_ Petroleum Co. Ltd. have placed a further large 
order with Head Wrightson Processes Ltd., Teesdale House, 
24-26, Baltic-street, London E.C.1, for Fluor “ Fin-Fan ” air- 
cooled heat exchangers for cooling Diesel-engine jacket water. 
The coolers are to be installed at two pumping stations on the ipe- 
line from the oil field at Kirkuk to the sea terminals on the Mediter- 
ranean. 


The British Transport Commission have placed orders for 
207 new coaching vehicles and 670 ballast and sleeper wagons. 
The order for the carriages comprises 60 corridor third brake coaches, 
with the Gloucester Railway Carriage and Wagon Co. Ltd., Glou- 
cester; 95 corridor composite coaches, with the Metropolitan 
Cammell Carriage and Wagon Co. Ltd., Birmingham 8; 12 corridor 
third brake coaches with Chas. Roberts & Co. Ltd., Horbury 
Junction, Yorkshire, and 40 gangwayed brake vans, with Cravens 
Ltd., Darnall, Sheffield. Of the ballast and sleeper wagons, 252 
have been ordered from the Butterley Co. Ltd., Butterley, near 
Derby ; 202 from the Gloucester Railway Carriage and Wagon Co. 
Ltd., Gloucester ; 116 from the Cambrian Wagon and Engineering 
Co. Ltd., Maindy, Cardiff ; and 100 from the Derbyshire Carriage 
and Wagon Co. Ltd., New Whittington, Chesterfield. 


The Cunard Steamship Co. Ltd. have placed an order with 
John Brown & Co. (Clydebank) Ltd., Clydebank Shipyard, near 
Glasgow, for a 22,000-ton steamer for *the Canadian service. The 
vessel will be named the Sylvania and is due for completion in 1957. 
She will be similar to the recently-completed Saxonia, a twin-screw 
turbine steamer also built by John Brown & Co. (Clydebank) Ltd. 
The Saxonia has a length of 586 ft 5 in., a breadth of 80 ft 4 in., and 
a depth of 33 ft. Two other sister ships are in course of construc- 
ticn and each of the four vessels will have a service speed of from 
18 to 20 knots, which will permit them to make the transatlantic 
passage to Montreal in 6 days, carrying some 1,000 passengers. 


The General Electric Co. Ltd. has received an order through 
its Australian subsidiary, The British General Electric Company 
(Pty.) Ltd., for an electric winder equipment for Cessnock Collieries 
Ltd., Australia. The equipment to be supplied includes a single 
drum winder 14 ft in diameter designed for an output of 248 tons per 
hour winding from a depth of 1,227 ft. 

The winder is fitted with single deck cages giving a net load 
per wind of 3.4 tons of coal. The drum is driven by a 1,450 hp 
direct-coupled D.C. motor with Ward Leonard control. 
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HOLLOW BORED SHAFTS 





all on our own 


We are the only people tc commercialise deep hole 
drilling. By this method we produce hollow bored shafts, 
the chief advantages of which are as follows :— 

PRICES ARE KEEN particularly where small quantities or 
special sizes are required, or where the bore diameter 
is less than half the outside diameter. 

SPECIAL PROBLEMS can be dealt with by the hollow boring 
method that cannot be dealt with practicably by any 
other process. We can for instance drill different 
diameter bores within one shaft, profiled if necessary 
to any shape required. - 

If you want quick delivery of hollow bored shafts— 
whether in stock sizes and shapes or to your own 
specifications — it’s worth getting to know more about 
Keeton’s. We bore any diameter hole from }” to 6” in 
lengths up to 4’ in the smaller bores and up to 18’ in the 
larger bores. Send for free leaflet. 






TRADE 


KEETONA 
KEETON SONS & CO LTD 


A MEMBER OF THE FIRTH CLEVELAND GROUP 


ROYDS FOUNDRY AND ENGINEERING WORKS, SHEFFIELD, 4 
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HIGH SPEED STEEL 


REAMERS 


Tools of exceptional quality 
manufactured from renowned 
Osborn “Double Mushet” 
High Speed Steel, for high 
production work demanding 
fast accurate cutting. 


Catalogues sent upon request: 


Other products include : 
Twist Drills, Milling Cutters 
Files & Rasps, Taps & Dies, Hacksaw 
Blades, Form Tools, Toolholder 
Bits, Tube Expanders. 
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SAMUEL OSBORN & CO.. LIMITED 
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The reduction gear and brake gear will be supplied by the Erith 
Works. The remainder of the mechanical parts will be manufac- 
tured in Australia from design data supplied from Erith. The 
motor and control Fag will be manufactured at the Witton Engineer- 
ing Works of the G.E.C 

The control scheme incorporates G.E.C. control exciters operat- 
ing in conjunction with a 1000 hp Ward Leonard Ilgner set, and the 
order, which includes the associated A.C. and D.C. switchgear and 
control desk, is valued at some £A100,000. 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from the British 
Standards Institution, 2 Park Street, London W.1) 


Sprayed metal coatings. Part 1: Protection of iron and 
steel against atmospheric corrosion. Part 2: Protection of iron 
and steel by aluminium against corrosion at temperatures 
between 120°C and 950°C. (B.S. 2569: 1955.) Part 1 covers the 
application of sprayed coatings of aluminium and zinc applied by 
various methods of spraying. It specifies the method A surface 
preparation and application of the coating, and gives specifications 
for the metals to be used in coating as well as requirements for the 
thickness and the adhesion of the coating. Appendices give the 
methods of test. 

ParT 2 is restricted to sprayed aluminium and provides three 
different methods for the three different processes whereby specific 
conditions of the finished coating are achieved. In all other respects 
it — the same type of information as given in Part 1. Price 
2/- each. 


Permissible stresses in crane structures. B.S. 2573: 1955 
is published in an endeavour to secure a basis for crane design which 
will result in economy in the use of material, in accordance with the 
recommendations of the Steel Economy Committee of the Cabinet. 
Experiments are stili in progress to verify these recommendations. 

The report advocates certain changes in the method of consider- 
ing stresses in crane structures compared with the methods em- 
ployed in existing British Standards for cranes. Tables are given 
of basic stresses in certain specified materials—steel to B.S. 15, 
B.S. 548 and B.S. 968, and Grade 15 and Grade 20 tubes to B.S. 
1775—which are related to the specified yield points of those 
materials. These basic stresses are used in determining the maxi- 
mum permissible working stresses, which are also related to the 
kind of work to be performed by the crane and the number of hours 
in service per year. Cranes are classified on this basis, to enable the 
user to select the correct class of crane for the work required, and the 
crane maker to economise in the use of material and in cost of manu- 
facture. Price 4/-. 











CHAPMAN & HALL 


| PROTECTIVE CURRENT 
TRANSFORMERS & CIRCUITS 
b 
P. Mathews 
B.A., A.M.1.E.E. 
119 figures 





82” x Sh” 36s. net 


| SIMPLIFIED DESIGN 

| OF STRUCTURAL STEEL 
b 

Harry Fuster, M.S. 


(Prof. of Architectural Construction, Pennsylvania Univ.) 
Second Edition 
244 pages 95 figures 


CONVEYORS 
AND 
RELATED EQUIPMENT 
b 
Wilbur G. tiem M.S., A.S.M.E. 


Third Edition 
524 pages 288 figures 


253 pages 


8” x 5}” 46s. net 


9” x6” 72s. net 








| 37 ESSEX STREET, LONDON, W.C.2 

















APRIL, 1955 Volume 16, No. 4 





BOOKS RECEIVED 





Surveying. By D. H. McPherson, B.Sc., M.I.C.E., and 
P. N. Ray, M.A.(Oxon.). 152 pp., 82 illustrations. Publishers : 
Macdonald & Co. (Publishers) Ltd., 16 Maddox Street, London, 
W. Price: 18/-. 

As pointed out in their Preface, the authors of this book, during 
the past six years, whilst preparing students in surveying for the 
external degree of London University in Civil Engineering, came 
to appreciate the value of the illustrative example and to realize the 
paucity of such material available. This book is an attempt to 
remedy this deficiency. 

he book (which gives solutions to B.Sc.(Eng.) examination 
questions, London University, External) has been conveniently 
arranged in sections, each dealing with a different aspect or aspects 
of the subject. Furthermore, each section has been arranged so 
that the problems answered are first placed in their numerical order 
all together, so that the reader may first work them out on his own, 
before referring to the solutions given later in the section. Where 
it has seemed desirable, the authors include proofs or justification 
for steps in the solution. No attempt, however, is made to derive 
the basic theorems on which the solutions are founded, as the 
student is expected to have a general textbook on the subject. 


Principles of Engineering Rees 2nd edition, 
1954. By Paul J. Kiefer, A.B., » D.SC.s ey Ford 
Kinney, A.B., M.S., Ph.D., and py c “Stuart, B.S. in M.E., 
M.E. 554 pp., 182 illustrations. Publishers: John Wiley & Sons, 
Inc., New York, and Chapman & Hall Limited, 37 Essex Street, 
London, W.C.2. Price : -. 

Almost completely rewritten, this new edition of an already 
famous book provides a concise and effective presentation of the 
basic material specifically designed to serve the requirements of the 
engineer. It covers the thermodynamic basis of fluid mechanics 
and aerodynamics, unifying the mechanical, chemical, and aero- 
dynamic applications in an up-to-date manner. 

The experience of a large number of teachers who used the 
first edition, since its appearance in 1934, has been incorporated, 
together with a number of distinctive features which set it apart 
from current engineering thermodynamics textbooks. Among the 
more notable of these features the following may be mentioned :— 

The conventional steady-flow energy equation is supplemented 
by a parallel equation of mechanical antecedents; the thermo- 
dynamic properties of ideal gases are developed and facilities 
furnished, so that specific heat variation is easily provided for in 
process analyses. The available gas tables are also utilised ; 
facilities are developed to permit ready correlation of the properties 
and the analysis of typical processes with non-ideal high-pressure 
gases ; the material on lower-pressure gas-vapour mixtures includes 
a multi-pressure hygrometric chart of much greater utility than the 
conventional psychrometric chart; and careful attention is given 
to chemical equilibrium and its influence on flame temperature in 
stoichiometric, rich-mixture, and lean-mixture combustion. 


Materials of Construction. By M. O. Withey and G. W. 
Washa. 890 pp., 375 illustrations. Publishers: John Wiley & Sons, 
Inc., New York, and Chapman & Hall, Limited, 37 Essex Street, 
London, W.C.2. Price: 72/-. 

This book presents the latest data concerning the source, manu- 
facture, and fabrication of the principal construction materials. 
Professors Withey and Washa have carefully selected their informa- 
tion, covering the more important mechanical and physical proper- 
ties of materials, and the influence of various factors on these 
properties. Causes of defects and variations, and how they may be 
discovered, are discussed in simple terms. 

Completely up-to-date, the work reviews the most recently 
determined methods and the latest statistical data. New testing 
machines and strain-measuring devices, for example, are fully 
covered, together with an entire section on non-destructive tests. 
Included is the latest information on chemical seasoning, wood 
products, and timber connectors. New types of cement-testing 
methods are given, and a full chapter is devoted to concrete aggre- 
gates, including data on new testing methods and lightweight 
aggregates. The latest mix design methods and techniques for 
checking proportions of fresh and hardened concrete are offered, 
together with information on new concrete products. 

Also included is the best available knowledge on wrought iron, 
alloy steels, non-ferrous metals, fatigue of materials, effect of 
mechanical work on the properties of steel, heat treatment of steel, 
and the effects of temperature on the properties of metals. 


An Introduction to Cost Accountancy, Vol. III. By 
R. Warwick Dobson, C.A., F.C.W.A. 352 pp., 179 illustrations. 
Publishers: Gee and Company ( Publishers) Limited, 27-28 
Basinghall Street, London, E.C.2. Price : 37/6 (inland postage 9d.). 

In this volume, entitled ‘‘ Cost Recording and Presentation ”’ 
the many methods by which the process of cost accounting is carried 
out in practice are profusely illustrated and described. Short-cut 
methods and up-to-date practices are presented to the reader. 
Each chapter is devoted to one aspect, such as materials ae 
wages accounting, cost-centre accounting, standard cost accountin; 
etc. At the same time, each chapter deals with the basic recor 3 
required, the bookkeeping entries involved, and the form of 
presentation of information concerning the particular aspect dealt 
with in the chapter. By dealing with the details of the cost- 
accounting mechanism in a separate volume, more illustrations have 
been provided than could otherwise have been possible. 

Vol. I in this comprehensive series dealt with ‘*‘ Costing and Cost 
Control,” while Vol. II covered ‘* The Elements of Cost Accounting.” 
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LATEST INDUSTRIAL LITERATURE 





1, Electronic Digital Computer. A beautifully produced and 
we 12-page brochure describes the first electronic digital 
ter produced in Great Britain as a standard commercial 
oduct. The computer, stated to be the most advanced of its 
type, is compact in design, moderate in cost, simple to instal and 
maintain, and economical ir »peration. 

The device is capable of ing at electronic speed, continuously 
and accurately, any proble: hich can be precisely formulated, 
including data processing, ev iuation of trajectories, calculation of 
strains in structures, design of lenses, and the tabulation of 
mathematical functions. 


2. Magnetic Couplings. Specifications and details are given in 
a 4-page illustrated pamphlet of a range of magnetic couplings in 
which the driving member has no mechanical contact with the 
driven member. The power is transmitted by magnetic lines 
which pass through a es sealed shield or shroud separating 
the two members. This shroud is made of non-corrosive, non- 
magnetic stainless steel or inconel of high electrical resistivity, and 
in general is capable of withstanding pressures up to 50 psi and 
temperatures of over 150°C. The driving and driven members 
consist in each case of a cylindrical magnet with a number of 
projections on its periphery, these projections being electro- 
magnetically energised. The exciting coil is fed from a d.c. supply 
or from an a.c. supply via a metallic rectifier. 

A supplementary pamphlet describes and illustrates a range of 
battery traction motors with ratings between 0-5 and 6-5 hp. 


3. Sealing Irons for Plastic Sheets. Details are contained in 
an illustrated leaflet of two sealing irons, one of the wheel type and 
the other of the knife-edge type, for sealing or welding plastic 
sheets together quickly and economically. The wheel type is 
especially suitable for sealing cellophane, simply by rolling with a 
slight pressure over the sheets to be welded together. Plastics, 
such as P.V.C., polythene, etc. can also be welded similarly with 
this iron. Three different wheels, to suit every possible demand, 
are included with each iron. 

The knife-edge type, with which heavier pressure can be applied, 
is more suitable for the thicker gauges of plastic sheets, though it 
can, of course, also be used for lighter gauges, if required. Both 
types of iron can be supplied with wooden or bakelite handles and 
take about 2 minutes to heat up, consumption being about 45W. 
All voltages can be catered for. 


4. Flow-Controlled Switch. Details and_ characteristics are 
contained in a 4-page brochure of an electrical switch operated by 
liquid flow. This switch has obvious applications as a safety device 
in coolant circuits where it is important to safeguard equipment 
against failure or reduction in flow. Thus, it can be arranged to 
sound off an alarm or switch off appliances when flow falls before a 
critical value. Similarly, equipment such as mobile generators, 
X-ray sets, and pumping units can be safeguarded by these switches, 
which are easy to install, reliable in operation, and require a minimum 
of service. 


5. Magnetic Comparators. A neatly produced and illustrated 
4-page brochure describes a comparator unit which is, in effect, a 
magnetic amplifier designed to provide automatic control of Th 
output voltage of grid-controlled mercury-arc rectifiers. As such, 
it is intended to operate static grid-control units (described in a 
separate brochure) and enables servo-controls to be used in a wide 
variety of rectifier applications. 

hese units, which are essentially simple in principle and of 
robust construction, permit a high degree of accuracy to be obtained, 
with a complete absence of any components likely to require renewal 
or periodic adjustment. 


6. Sectional Superheaters. A neatly produced and illustrated 
24-page booklet, issued by a firm which has specialised in the design 
and manufacture of superheating equipment for over fifty years, 
describes, as non-technically as possible, the principle, development, 
and application of sectional superheaters to all types of steam- 
raising plant. 

Included in this interesting publication is a wealth of pertinent 
and simply expressed information on such subjects as economy ; 
thermal efficiency ; boiler efficiehcy; the effects of superheat on 
boilers, reciprocating engines, turbines, process vessels, and pipe- 
lines ; types of superheaters ; and superheater design factors. 
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Classified Advertisements. 


The rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word; minimum order 6s. Box-number advertisements 
ls. extra. Instructions, together with remittance, must be received not 
later than the 3rd of each month for advertisements to appear in the 
same dincsennateh Ss issue. 





UNIVERSITY OF BIRMINGHAM 
Department of Mechanical Engineering 
Graduate School of Thermodynamics and Related Studies 


A course available in the above School provides facilities for 
the study, at advanced level, of modern developments in Thermo- 
dynamics and allied subjects ’and of their applications in the general 
field of the heat engine. The normal entrance qualifications are an 
Honours Degree in Mechanical Engineering together with a mini- 
mum of two years of practical experience in industry. On completion 
of the twelve- month course commencing on the 3rd October, 1955, 
and including nine months attendance at the University, successful 
candidates qualify for the award of the degree of Master of Science. 
In special circumstances applications may be considered from the 
graduates in other Sciences holding satisfactory alternative quali- 
fications. In the latter case it will usually be necessary for two years 
to be spent in completing the course. he award to successful 
non-graduate engineers is the Diploma of Graduate Studies. 

The inclusive fee for the course of study is £71 1s. Od. In 
certain cases where a student is not sponsored by an employer, the 
University may consider applications for the remission of this fee 
and, where essential, for the grant of a maintenance allowance 
during the period of attendance. 

Further particulars and application forms may be obtained from 
the Registrar, The University, Edgbaston, Birmingham, 15. 

G BARNES, Secretary. 


SITUATIONS VACANT 


LONG ESTABLISHED FIRM situated south of London employ- 
ing 2,000 people and manufacturing complicated precision machinery 
has vacancy for senior design and development engineer. Pension 
scheme. Substantial Salary to right man. Box No. 34. 


DESIGN ENGINEER.—There is a vacancy for a DESIGNER 
of Magnetic Recording equipment in the DOMESTIC ELEC- 
TRONICS DIVISION of E.M.I. A number of interesting projects 
are in hand giving scope for inventive ability to applicants who have 
knowledge of electrical circuitry or interest in small mechanisms. 
Salary will be commensurate with ability and all applications will 
be seen by the Chief Designer. Write in first instance giving full 
details to Personnel Dept., E.M.I. Ltd., Blyth Rd., Hayes, Middx, 


ROCKET DIVISION.—Armstrong Siddeley Motors require 
Designers and Draughtsmen for exacting work in this division. 
Applicants must possess H.N.C. and/or have considerable drawing 
office experience. Apply, quoting Reference CG/RD5, Technical 
Personnel Manager, Armstrong Siddeley Motors, Coventry. 


SENIOR PROJECT ENGINEER.—A vacancy is available for 
a Senior Project Engineer to head a group for the production of 
power from atomic energy. Applicants should have a background 
of experience, preferably in marine engineering, or, alternatively, 
experience on the mechanical side of the generation of power for 
land purposes. In addition, applicants should have scientific 
qualifications in the form of First-Class Honours Degree in Marine 
or Mechanical Engineering, together with a sound practical ex- 
perience. This is an extremely important position and a good salary 
will be paid to a man meeting the stated requirements. Employ- 
ment will be at Harwell initially. Box No. 26. 


Armstrong Siddeley Motors, Coventry, have vacancies for 


TECHNICAL WRITERS 
PLANNING ENGINEERS 


for work on gas turbine aero engines. Apply to Reference D1, 
Personnel Manager, Armstrong Siddeley Motors, Coventry. 
BEARINGS 


BALL & ROLLER BEARINGS.—All Types and Sizes, Largest 
Stocks, Lowest Prices. Same day dispatch. 895-921 Fulham Rd., 
London, S.W.6. Renown 6174 (Ext. 24). 


WISEMAN 





the name for totally 
enclosed gear units 


ALFRED WISEMAN & CO., LTD., 
Glover Street, Birmingham, 9 


Carlisle House, 8 Southampton Row, W.C.1 


London Office : 
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A QUICK GLANCE AT 


@ LIQUID SEMICONDUCTOR 

A liquid has been found which 
behaves electrically like a solid 
semiconductor. The best known 
example of semiconduction in a 


~HE LATEST 


TECHNICAL DEVELC PMENTS 
THROUGHOUT THE WORLD 





solid is, of course, the transistor. 

Made of solids such as germanium or silicon, the 
transistor conducts electronically, rather than 
ionically as in a battery, and the amount of 
conductance increases with the temperature. 
This same phenomenon of semiconduction has 
now been found to occur in liquids such as 
molten metallic sulphides. This discovery was 
made in an investigation concerned with electro- 
chemical studies of non-aqueous melts. In the 
case of ordinary salts such as sodium chloride, 
either molten or in water solution, electric current 
is carried by ions as in a battery. In the explora- 
tion of less familiar liquids, such as those used in 
metallurgical processes, it was found that the 
molten-liquid sulphides, unlike aqueous solutions 
or molten ionic salts, behave like a semiconductor. 
Instead of conducting electricity by the transport 
of charged atoms (ionically), conduction of elec- 
tricity was found to take place by the flow of 
electrons as in an ordinary wire. However, unlike 
the case with ordinary metals, conductance 
increases with temperature. Existing theories 
concerning the nature of semiconduction cannot 
account for the new discovery, since they apply 
exclusively to solids such as the transistor and not 
to liquids, where the atoms are in a state of 
disorder. It may well be that this discovery will 
provide a new tool for investigating the nature of 
liquid structure. 


@ CERAMIC PROTECTIVE LAYER FOR GAS. 

TURBINE BLADES 

It is well known that in gas-turbine operation, 
using fuels containing vanadium, the blading 
material suffers very substantial attack by vana- 
dium compounds. This attack may cause such 
severe damage to gas-turbine blading that opera- 
tion of the gas turbine becomes impossible after 
a very short time. Attempts to solve the problem 
have proceeded along different lines, such as 
rendering the vanadium harmless by treating the 
fue], developing special blade steels, or protecting 
the blade material by ceramic layers. A recent 
invention proposes a protective ceramic multi- 
layer on gas-turbine blades of chromium steel. 
The protective layers are formed as follows :— 
A layer of pure enamel containing chromium 
oxide is applied to the surface of the blade, which 
may, for instance, be made of a material contain- 
ing 21°, chromium. This enamel will be com- 
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posed of borax, felspar, quartz, fluorspar, cryolite, 
and sodium carbonate, to which is added a certain 
percentage of chromium oxide in powder form. 
This layer is fired at from 850 to 900° C for 
several minutes. After cooling, another layer of 
the same enamel, but with an addition of mag- 
nesium oxide powder, is sprayed or painted on 
and fired. On top of this second layer additional 
layers of enamel, with progressively increasing 
amounts of magnesium oxide, are applied. The 
reason for this procedure is that layers with a 
high percentage of magnesium oxide have been 
found to provide very good protection against 
attack by liquid slag containing vanadium, whilst 
the layers with less magnesium oxide have very 
good adhesive properties. It is claimed that the 
whole structure is so firm and adheres to the blade 
metal so well that, when sudden changes in tem- 
perature occur, the ceramic layer does not scale 
off. 


@ MECHANISM OF CAVITATION DAMAGE 


A new method for producing cavitation damage 
in the laboratory is described in a recent paper, 
in which no mechanical accelerations are applied to 
the test specimen, in contrast with the con- 
ventional magneto-striction device. Alternating 
pressures are generated in the water over the 
specimen by exciting a resonance in the “ water 
cavity.” By this means the effects of cavitation 
have been studied for a variety of materials. 
Photomicrographs have been taken of several 
ordinary polycrystalline specimens and also of zinc 
monocrystals. The zinc monocrystal has been 
exposed to cavitation damage on its basal plane 
and also in its twinning plane. X-ray analyses 
have been made of polycrystalline specimens with 
various exposures to cavitation. Results are re- 
ported to show that plastic deformation occurs in 
the specimens, so that the damage results from 
cold work of the material, leading to fatigue and 
failure. A variety of materials has been exposed 
to intense cavitation for extended periods to 
obtain a relative determination of their resistance 
to cavitation damage. It was found that, roughly 
speaking, hard materials of high tensile strength 
are the most resistant to damage. So far, of the 
materials tested, titanium and tungsten have been 
found to be the most resistant. 
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Meet Perishin’ Fred ! 
Very fond of a grouse is Fred. Doesn’t have to look 
far either. ‘ Like the perishin’ North Pole in this 
perishin’ factory’, growls Fred. But at least he stays 
on the job; half the girls are away with the sniffles. 


Now meet Bert — of the boiler’ouse 
“It’s no good them coming grousing to me,’ 
glowers Bert, ‘ radiators are full on (or 
nearly), and the Guvnor’s always bitin’ my 
’ead off about the fuel bills.’ 


2 


You know the answer to all their troubles as well as 
we do. Inter-line that corrugated roof with 
inexpensive, easily-applied, everlasting Fibreglass 
heat insulation. Then Fred will stop perishin’, 

Bert will stop beefing and the ‘Guvnor’ will stop 
biting. What’s more, the installation of Fibreglass 
will pay for itself in less than three years ! 


REGLASS 


TRADE MARK 





FIBREGLASS LIMITED, RAVENHEAD, ST. HELENS, LANCS. (ST. HELENS 4224) FACTORIES AT ST. HELENS, LANCS. AND POSSILPARK, GLASGOW 


A73 THE ENGINEERS’ DIGEST 





a Oe eee ee ee ee (ee ee ie eek en pi ie 


Oo oO rx «+ 


a « 


look 


stays 
Hes. 


> me,’ 
yr 
n’ my 





SZ 


LASGOW 


GEST 





@ LOW-COST ANTI-CORROSION COATINGS 


Che development of a series of silicate coatings 
for iron and steel, which can be applied at room 
temperature and which are fused at temperatures 
below 1250° F, has been announced. These 
coatings are intended primarily as an anti- 
corrosion protection for sheet steel, but they can 
be applied to other ferrous materials, including 
malleable and cast iron. For normal conditions a 
single coating is considered sufficient, while for 
severe corrosive conditions two coats are recom- 
mended. It is stated that a typical single coat will 
have a thickness of approximately 0-0015 in. 
Since a refined natural silicate can be fused at 
temperatures of 900 to 1250° F, the lower critical 
point of steel will not be reached during treatment. 
The low cost of the process is claimed to be a 
particular advantage and it is claimed that the 
process is competitive with galvanizing. Salt- 
spray tests are said to have proved that the coating 
has an excellent corrosion resistance, no deteriora- 
tion after a 1000-hr test having occurred. These 
silicate coatings are stated to have much better 
abrasion resistance, scratch resistance, and heat 
resistance up to the softening temperature than 
any organic coatings available. Better adherence 
and chip resistance than conventional porcelain 
enamel are also claimed. From the manufacturing 
point of view it would appear important that 
coated steel sheets should lend themselves to 
punching, drilling, sawing, or nailing operations. 
“ Torch patching ” of edges exposed by cutting is, 
however, necessary. No indication is given in the 
original report as to how torch patching is to be 
carried out, but it is presumed that, after touching 
up the exposed edge with slurry, vitrification is 
effected by local heating with a torch. The silicate 
coatings are considered suitable for many of the 
present applications of vitrified enamels, except 
where high reflectivity is required, since in this 
respect silicate coatings are inferior. 

@ METHOD FOR MACHINING SINTERED 
TUNGSTEN 

Tungsten, because of its very high melting 
point, low vapour pressure, and high strength at 
elevated temperatures, is ideally suitable for a 
large number of applications in both the laboratory 
and in industrial fields. However, the potential 
applications of this metal have been greatly limited, 
owing to its almost complete lack of machinability. 
The only machining operations possible are re- 
stricted to grinding and slicing by high-speed 
Silicon carbide cut-off wheels; consequently, 
practically all applications of tungsten have so far 
been based on its availability in ingot, rod, wire, 
and sheet form. Attempts to fabricate high- 
density tungsten parts of intricate shape and 
Close tolerances have not been very satisfactory. 
Such parts, depending on their size and shape, 
were preformed either by pressing tungsten pow- 
der in a die or by machining from a partially sin- 
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tered and very porous bar with a density of the 
order of 55°% of the theoretical value for solid 
tungsten. In the latter case the particles, being 
very weakly bonded together, were torn out in 
clusters rather than cut during the machining 
operation, and therefore smooth surfaces could 
not be obtained. A new technique has now been 
developed for machining tungsten ingots sintered 
to a high density, in which parts can be made with 
shapes and tolerances comparable with those 
possible using steel or brass. Basically, the 
technique consists of infiltrating the fully sintered 
porous ingot with an alloy of gold and copper, 
which acts as a filler and lubricant and prevents 
the tearing out of particles. After machining, the 
infiltrant is then removed by volatilization, thus 
restoring the density and porosity of the machined 
part to the original value established for the 
tungsten during the sintering operation. Impreg- 
nation must naturally be carried out with great 
care, because, if a small portion of the body is not 
properly infiltrated, tool breakage may occur. 


@ CORROSION CAUSED BY VALVE PACKINGS 


A recent report states that the problem of 
stainless-steel valve-stem pitting is a condition of 
storage. When a valve has been assembled and 
hydrostatically tested, the valve packing is 
saturated. Because a considerable time may elapse 
before the valve is put into service, corrosion in 
the form of pitting of the stem occurs during this 
storage period. However, if the valve is put into 
service immediately after hydrostatic testing, 
there is no pitting. As the report points out, 
investigation of valve-stem pitting showed that 
the presence of soluble corrosive constituents, 
such as magnesium and calcium chlorides, in 
asbestos-base packings, were major contributory 
factors. Among various conclusions drawn from 
these findings, it is considered particularly 
necessary to remove the soluble corrosive con- 
stituents from the packing and to incorporate 
inhibitors or sacrificial elements. Also, careful 
selection of graphite lubricant in the manufacture 
of the packing is considered important, since 
natural graphite appears to be inferior to artificial 
graphite. This is due to the fact that natural 
graphite contains mineral matter, sometimes 
amounting to 14°, by weight as determined in the 
ash. The mineral matter, intimately associated 
with mined graphite, generally contains consider- 
able amounts of iron compounds in the form of 
magnetite, hematite, limonite, pyrite, and pyrrho- 
tite. The investigators therefore believe that the 
use of natural graphite in packings of the type 
used in the particular case considered is liable to 
produce continual corrosion, owing to the slow 
conversion and oxidation of the pyrite into 
aggressive compounds. Artificial graphite, which 
does not contain the mineral matter present in 
the natural graphite, would therefore not appear 
to be as corrosive to steel as the natural product. 
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@ \'ETER FOR COMPARING USED AND 

FRESH OILS 

An interesting device, called a “‘ Wear Meter,” 
is in the form of a gauge which indicates changes 
in the viscosity of lubricating oil in relation to the 
viscosity at the time the oil was first used in an 
engine. The device does not read viscosity as 
such and does not show whether light or heavy oil 
is being used. However, if the oil in use is be- 
coming lighter or heavier in relation to its original 
condition, the change shows up and is recorded by 
the device. It is claimed that the new instrument 
can be quickly installed and has the peculiarity of 
ignoring temperature changes. It contains a 
sample of fresh, clean oil which is passed through 
an orifice at the same time as contaminated oil 
passes through a separate, but identical, orifice. 
Variation in the freedom of passage of clean oil 
compared with used oil operates a pointer on a 
dial giving relative viscosity readings as a per- 
centage. This feature overcomes the difficulties 
experienced in the past with instruments of this 
type. Yet another unique characteristic of the 
meter is that the dial pointer remains set at the 
last reading, even after an idle engine has 
thoroughly cooled off. Relative viscosities are 
recorded automatically each time the engine is 
shut down. With engines operating in continuous- 
duty service, readings can be taken at any time 
merely by closing a valve on top of the meter. 
The instrument is claimed to be accurate to within 
1°/, and provides ready and reliable indication of 
a dangerous conditicn of the lubricating oil. 


@ FACILITATING THE BRAZING OF 

POWDERED-METAL PARTS 

By using sintered metal parts and joining them 
with low-temperature silver brazing alloys it is 
often possible to realize substantial savings in 
material and labour, compared with the conven- 
tional method of machining the part from solid 
metal. Because of its high porosity, sintered 
metal, however, may be difficult to braze. When 
the sintered pieces are made dense, they can be 
brazed normally. However, when the parts are 
porous, as for instance in bearing applications, 
the porosity of the pieces may interfere with the 
making of a good joint. This is due to the fact 
that porous compacts tend to absorb the brazing 
alloy, leaving little or no alloy for the joint. A 
manufacturer of brazing alloys now offers a con- 
venient and apparently practical solution for over- 
coming these problems. The method recom- 
mended consists of filling the pores just below 
the surface of the metal with colloidal graphite. 
The graphite forms a non-wettable, non-absorbent 
coating which prevents the alloy from soaking into 
the interior of the piece. Graphite emulsions, in 
either an oil or a water base, can be used for this 
purpose. In some cases the oil base may be pre- 
ferred, because it usually penetrates into the metal 
more readily. A brush may be used to apply the 
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colloidal graphite. If water emulsion is used, the 
coating will usually dry satisfactorily and quickly 
enough in air but, if an oil-base emulsion is used, 
oven drying may be preferred. After the piece is 
dry, the graphite coating is removed from the 
surface, using a piece of emery cloth or a brushing 
wheel applied with light contact pressure. It is 
claimed that several difficult brazing problems 
have been solved by means of this method. 


@ UNILATERAL SPOT WELDING 


The application of double-electrode resistance 
spot welding is frequently hampered in cases 
where ready access to both sides of the workpiece 
for application of the electrodes is not available. 
In many cases special, expensive jigs and fixtures 
must therefore be provided for holding the work- 
piece, in order to make spot welding possible. 
This difficulty can now be circumvented by the 
use of a portable gun designed for the gas-shielded 
tungsten-arc spot-welding process. This gun holds 
the electrode for application to one side of the 
work only, and its use should therefore open up 
many interesting design possibilities. With this 
process the electrical circuit is completed by 
attaching the positive lead from the supply current 
to the back of the piece at any convenient point, 
which need not necessarily be at the location of 
the weld. It is stated that materials suitable for 
welding from one side include mild steel, alloy 
steels, and stainless steels. Limited, but generally 
successful, experience is also reported to have 
been gained in the application of this process to 
the welding of copper, titanium, and zirconium. 
The inert-gas-shielded tungsten-arc process pro- 
duces a circular weld by localized fusion, the heat 
from the arc penetrating through the front piece 
into the back piece, where it produces the required 
depth of fusion. It is stated that the equipment 
at present available limits the thickness of the front 
piece to about 0-125 in., while the back piece may 
have any thickness within certain practical limits. 
The factors affecting diameter and depth of fusion 
are current, weld time, flow and type of shielding 
gas, size and shape of the welding electrode, arc 
length, type of material to be welded, etc. 
Surface cleanliness is also an important factor. 


@ ALUMINIUM COATING FOR IRON AND 

STEEL WIRE 

A new continuous hot-dip aluminium coating 
process has been developed for coating iron and 
steel wire. This process is based on the fluxing 
action of complex salt compounds applied to the 
wire from a hot aqueous solution. As wire-surface 
cleanliness is of paramount importance in the 
application of continuous hot-dipped aluminium 
coatings, the wire is first preheated in order to 
assist the subsequent cleaning and pickling. Im- 
mersion of the preheated wire in acid cleaning and 
pickling solutions permits the rapid removal of all 
oxidized surface contaminants, including the 
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remnants of lime, if utilized for drawing. Best 
results are said to have been obtained with hot 
hydrochloric acid solutions. The flux utilized in 
the new process is a hot aqueous solution of zir- 
conium or titanium fluorides, or complex zir- 
conium or titanium fluoride compounds with an 
alkali metal such as sodium or potassium. It is 
desirable to maintain the temperature of the flux 
bath high enough to dry the flux on the wire 
during its passage through air after leaving the flux 
bath. The fluxed wire enters the molten aluminium 
bath, passes under a suitable sinker, and leaves the 
bath vertically, so as to assure uniformity of coat- 
ing. The time during which the wire remains in 
the molten aluminium affects the thickness of the 
aluminium-rich alloy layer formed. The molten 
metal is contained in a low-frequency electric 
induction furnace, lined with a_ high-purity 
alumina refractory. Commercially pure alu- 
minium or aluminium to which alloys have been 
added may be used. A molten bath of commer- 
cially pure aluminium may be maintained at a 
temperature of 1250 to 1400 F for the production 
of satisfactory coatings. 


@ EXPERIENCE WITH ELECTRICAL 

RESISTANCE SINTERING 

A recent report provides interesting informa- 
tion on experiences gained with the sintering of 
cemented carbides by the electrical resistance 
method. In this process heat and pressure are 
applied simultaneously to a presintered compact, 
an electric current passing through the compact. 
Sufficient heat is supplied by the current to induce 
plasticity in the compact from the resistance 
offered by the metal-powder particles. An im- 
portant characteristic of this method is the rapidity 
with which a high degree of heat may be attained 
and the ease with which high pressure can be 
simultaneously applied to the compact. The 
materials used were tungsten carbide and cobalt. 
A composition of 94°,, tungsten carbide and 6°;, 
cobalt by weight was chosen for the investigation, 
as this composition is generally accepted as 
offering the optimum hardness consistent with 
acceptable toughness. In the actual heating cycle 
a first heating stage is followed by a holding period, 
to ensure heat diffusion throughout the compact, 
and actual sintering, which takes less than one 
second, is then performed in the final heating 
stage, in which the current is increased to reach 
the sintering temperature. Compacts produced in 
this way are claimed to exhibit superior hardness 
and slightly increased density over those obtained 
with conventional heating. It is considered that 
this process could be used for the sintering of 
diverse compositions for a variety of applications. 
For instance, titanium carbide, tantalum carbide, 
columbium carbide, chromium carbide, or zir- 
conium carbide could be added. Application of 
the resistance-heating process is, of course, 
limited to certain sizes and shapes of compacts. 
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@ FLEXIBLE-TUBE WAVEGUIDE 

A new long-distance waveguide in the form of 
a hose-like tube will, it is announced, provide a 
radically different means for telephone and tele- 
vision transmissions. This flexible copper tube of 
approximately 2 in. diameter can channel radio 
waves according to the direction in which it is 
bent and, at the same time, may carry an extremely 
large number of circuits. Waveguides made of 
perfectly straight solid metal tubing have, of 
course, been in use for short distances. The new 
long-distance waveguide is also a hollow tube, but 
it is made of very tightly coiled copper wire and 
wrapped inside a flexible outer coating, which 
holds the coiled wire in place. This type of 
waveguide does not have to be straight and can 
actually carry signals around corners. The 
system operates in a frequency range which hither- 
to has not been put to practical use for communi- 
cation technique, the carrier frequency for the new 
waveguide being some 50,000 megacycles. The 
major difference between transmission through 
the new waveguide and through previously em- 
ployed systems is that the higher the frequency 
in the waveguide, the smaller is the loss through 
attenuation. This is the reverse of other forms of 
transmission. 
@ EDDY-CURRENT PRESS DRIVES 

The ever-present requirement of speeding up 
output from presses in modern metal-stamping 
plant has created many problems. This situation 
is aggravated by variations in steel sheets both 
from the aspect of chemical analysis and from 
considerations of thickness. Great efforts have 
recently been made to develop better methods of 
driving and controlling presses. Thus, one 
system uses a directly connected motor which 
stops and starts on each stroke; this drive, 
however, is limited to the torque which the motor 
can develop, since a flywheel is not used. Special 
high-torque motors are therefore employed. 
Another solution to the problem of speeding up 
press operation has recently been found in the 
application of an eddy-current clutch and brake 
as press drive. The use of this combination, which 
incorporates a flywheel, permits selection and 
control of punch velocity anywhere in the stroke 
with a normal standard induction motor. In the 
application of an eddy-current drive for mechanical 
presses, two basic problems are of prime im- 
portance, i.e., the generation of sufficient torque 
for the job to be done, and the ensuring of adequate 
dissipation of the heat which occurs during 
operation of the press. Considerable progress has 
been made in solving these problems, and eddy- 
current press drives have been developed in sizes 
from 7000 lb-ft at 500 rpm to 120,000 Ib-ft at 425 
rpm. Similar brakes are available to match clutch 
capacities. From the aspect of power consumption, 
it is important to note that the new drive does not 
require an increase in motor size. 
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